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PREF^iCE 


I T has been rightly said that “ Life is ati aquatic problem. ” 
In Hyderabad State ^ whose revenue is nearly •wholly depend- 
ent on agncultme^ with a climate practically rainless 
for five or six months out of the twelve ^ there are few Mullds 
who are not sometime or another interested in the question of 
underground water-supply. I, therefore^ feel that no apology is 
needed for attempting to describe the mode of occurrence of water 
in the rocks of Hyderabad State, in the hopes, that it may assiSi 
those in search of this vital necessity to life and comfort. 

The main object I have had in mind while writing this pamphlet 
is to endeavour to make it intelligible and useful to the average 
reader and the pamphlet is not intended for the trained geologiSiy to 
whom moSf of the facts will be already known. Keeping this in 
view, tn every case where technical words are used the explanation 
is given, thus saving the bother of referring to a glossary. 

Wherever possible, I have attempted to obtain my examples 
from localities within the State, hut this has not always 
been possible. For the sake of space, I have been compelled to 
make ifatements tn a somewhat generalised manner, without the 
due qualifications which would be found in larger works. 

Throughout, generally in the text, I have acknowledged the 
many authors to whom I am indebted and at the end of each chapter 
will be found a further lift of references. Writing m the jimgle 
away from a good Lihra/y makes these references limited but, I 
hope, adequate. 

It is hoped to make this the firtf of a series of Papers on 
thk mofi important subject. The value of the Series will be 
greatly enhanced if officials and others will only kindly supply 
the author with the data asked for at various fiaces in the text. 

Finally, I have to thank all the members of my Geological 
Staff for their able assistance and Mr. P.F. Durand of the Jagirdars 
College, Begumpeit; Mr. M. D. Gadgil, As ft. Chief Engineer, 
H.E.H. the Nis^anys P.W.D., and Mr. T. C. Worth, 
for very kindly looking over and correcting the draff, and 
Dr. Mabadevan for preparing the Index. 

Lingsugur, L, M. 

znd September 1933. 
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howeTef, because at fitSl they come out of Arabia and aic loo diy, 
Eaily in June there is a radical change ; the air which reaches India 
now comes from the southern Indian Ocean, and after travelling for 
4,000 miles over the sea it is heavily charged with water vapour. It 
is this water vapoui which provides the rainfall of the Indian monsoon 
Since the rain is by far the moSt important economic fa£ior in the life 
of India, making all the difference between sufficiency and famine. 
It is the ram rather than the wind which is popularly termed the 
^‘south-wegt monsoon,” or even simply ** the monsoon.” In this 
sense the monsoon begins in Ceylon in the la§t week of May, in Bombay 
about June 5 th, in Calcutta a week later, and in the north- weSt not 
until nearly the end of June. 

“ The wind docs not maintain its south- westerly dircQrion over the 
whole of India. The western coa5t from Bombay to Malabar has 
Steady weSt-south-weSt winds, which bung vciy high rainfall to the 
lofty Western Ghats — more than 120 indies in many diStiifts — but 
in the Bay of Bengal the wind becomes southerly. Part of the moiSt 
an crosses the Khasi hills of Assam and gives Chcnapun)i its annual 
deluge, but moSt of it is defleded westwards by the lofty barrier of the 
Himalayas. Dr. G. C. Simpson has compared this part of India to a 
box with two mountainous sides which are almost evetywheie more 
than 6,000 feet high. The air rises over India not because it is hot 
and therefore relatively light, for in fad it is not so hot in 
July as It IS in May, but because the gcneial pressuie diSliibution 
over Asia and the Indian Ocean forces it into this box or cul-dc-sac, 
out of which It can only find a way by rising over the bides- The 
Indian monsoon results from several causes, from Summer heat and 
low pressure ovei the interior of Asia, caused by the distribution of 
land and sea, from the trade winds of the South Indian Ocean, which 
are part of the general circulation of the globe, from the earth's ro- 
tation, which arranges that the winds blowing from the high pressure 
to the low pressure shall follow a devious t®utc and arrive heavily 
charged with moifture, and from the mountain ^tru6turc of India, 
wliich ensures that these winds shall rise high enough to condense 
their moiStuie into rain.” 

The /rj? south-weSt monsoon laden with moiftutc, 
detived from its passage over the Indian. Ocean, first 
meets the elevated superheated Ghats which bound the 
Malabar and Konkan coaSt and would seem to pass over the 
south-weftem and western areas of the State, so that those 
areas only receive sporadic and curiously local patchy rain- 
fall, which sometimes is entirely withheld. The following 
areas of insecure rainfall are classified by the Revenue Depart- 
ment as Famine Areas. Raichur DiSlritSt, Surapur Divi- 
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sion ; parts of Gulbarga Division ; Osmanabad, Parenda, 
Kalam and Latur Taluqs ; and Bbir, Ashti and Patoda 
Taluqs of the Aurangabad Subah ; and parts of Nalgonda 
Digtnft. From the examination of the isohyetal map 
which is printed to superimpose the Geological Map, it 
will be seen that the first south-weSt monsoon moStly 
affe6ts the Aumngabad and Nizamabad DiStrifts, and that 
it most copiously precipitates on the forested areas of 
Asifabad and eastern Warangal DiStrifts. This precipita- 
tion is especially marked along the forested hills which 
bound the Pranhita and Godavary valleys. 

The real effedlive monsoon of the Raichur DiStrid 
begins relatively late, generally in the month of August, due 
to the north-eaSt monsoon which, at this period, commences 
in the foothills of the north-eaSt Himalayas. If this current 
fails, Raichur DiStrid suffers from drought and bad famine 
conitions ensue. 

It seems, from observation from different parts of the 
world, that a periodic variation in the rainfall and consequ- 
ently in the underground water-supply may often take 
place. Advancing regional desiccation due to dimatic 
changes is difficult to establish, but the desiccation of a 
given area may be due, amongSt other causes, to a diminu- 
tion of rainfall over the area ranging over long successive 
years of drought. But a proof of the continuous dimmu- 
tion of the water-table seems often to be contradided 
by some successive periods of excessive rains, which appear 
to upset the general theory. Thus an average level of the 
underground water-table is likely to be maintained over 
a long period under equable conditions, but the general 
tendency of the water-table over the same period of years is 
to shrink. By Studying rainfall figures of the Raichur-Doab 
for the last 30 years, it appears, that there is an alternating de- 
cade in which greater or lesser quantity of rainfall seems to 
have occurred in the zone (vide ; Rai^all Graph Plate I).* 
However it is realized that 50 years is too short a period 

* For further discussion on xainfell of the Raichur Di^ri£): see 
Appendix III, page 167. 
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on which to base any definite conclusions. But, history 
points to a great total shrinkage of the water-table which 
has occurred in the laSt zoo years in the south-weStern, 
western and central portions of the Hyderabad State. 

In 1931 (1540 F.) the summer water-levels of the wells 
in the western part of the Raichur DiStrift were taken, and a 
tabulated Statement has been prepared from the measure- 
ments obtained from 1,444 weUs. This gives the relation 
of the ground surface with the underlying water-table, 
with certain reservations. These seftions have been 
published in the Annual Report of the Well Sinking De- 
partment for 1340 F. to which the reader is referred. 

No systematic survey of the water-table condidons of 
the whole State has so far been made ; and very little is 
known of the genetal underground water-supply problems 
that frequently arise. The preparation of such returns 
could easily be arranged for by the Revenue Officials with the 
aid of the Local Fund Staff and the Statistical Department. 
The information is badly needed. 

Forests have a great influence on the climate and the 
Deforeftation water resources of any country. This 
and Its efFefts has been universally recognised m all 

on watej re- parts of the world and especially in the 
sources. tropics. 

It has been rightly said that, whereas forests on hills 
affeft the raiirfall, the forests in valleys is the result of rain- 
fall. All available evidence tends to show that, under certam 
special conditions, forests may be a contributory fa£l:or in 
causing local precipitation of rain, but only m conjundion 
with other much more powerful fadfors. (Dixey). But 
deforestation and removal of natural vegetation has a far 
greater effedl than that indicated by the alteration of the 
mean average rainfall, which may not appear to be appre- 
ciably altered. Even though the average rainfall does not 
appreciably change over a long period of years the amount 
of water absorbed by the soil in deforested areas will be 
continually decreasing. 

Forest and vegetation hamper the run-off of ram into 
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the nullahs, thereby increasing the percentage of percola- 
tion into the soil and thus replenishing the underground 
water. Theic roots assist in this process, while the shade 
they give enormously reduces surface evaporation. 

Borthwick in his book ‘ Water * States that “ in spite of 
the fa£t that a quarter of the rainfall might be withheld by the 
forest cover and re-evaporated without reaching the soil, the loss 
from three-quarters that did reach the soil was five times less 
(some authorities said six times) than from that which fell on un- 
foreSted giound, the end lesult being that more water was retained by 
the foreSt-covered soil and allowed to percolate to the deeper layers.” 

The writer, while fully recognising that it is impossible 
to keep the entire State under forest, is of the opinion 
that the degtru£bion of forests, and especially the entire 
lemoval of all trees and vegetation over large areas in the 
State, with no attempt or scheme for replantation, has al- 
ready had a very serious efferf on the underground water 
resources. Early Steps should be taken to give cultivators 
every inducement to remedy this error, and tree planting on 
a big scale in famine areas, especially along Imes parallel 
to the contours, is mo§t Strongly recommended. This 
will not only assist the underground water resources, but 
aft as a part prevention to the serious soil erosion, which 
is occurring over large areas. 

There is no doubt that the effeft of this ruthless eradi- 
cation of trees, probably combined with a gradual, nearly 
imperceptible, diminution of the rainfall over long periods 
will account for the shrinkage of the water-table in the 
south-western, western and central portions of the State. 
That this has happened, the history of the Deccan Forts 
which withstood long sieges, whereas to-day all their wells 
ate dry, alone proves. If forth er evidence is needed, the 
reader has but to inspeft the wells on the Secunderabad 
Rifle Range winch was once a British Cavalry watering 
point, or contemplate watering two cavalry regiments and 
several infantry, besides transport and other units from the 
wells in Bolarum, to reahze what great changes have taken 
place. 

No better evidence can be found of absolute ruthless. 
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witless deStmdiion of all vegetation, save those trees pro- 
tefted by Government, than a visit to Katimnagar DistrnEt, 
eait of the new railway line, and south of the Godavary in 
wliich the writer lived for 5 years boring for coal. This 
area was opened for cultivation within the memory of man. 
Local inhabitants, sixty years of age, have told the writer 
that as young men, villagers would only travel in parties 
to Peddapalli owing to the thickness of, and number of 
tigers and wild beaSls in the forest. To-day, save for a few 
tamarind, mohur, palmyra and toddy trees, protefted by 
Govermnent, the area is treeless, and villagers now delve 
for roots to obtain fuel. Similar wanton waste muSl 
have been praftised in the Raichur DiStrift, once the dense 
Dandaka forest of the Ramayana. Here in bygone 
centuries ancient man hunted barasivgh Stag, the elephant 
and the wild bison and with the hopes of ensuring good 
hunting, drew piftures (bruised Stone graffiti) of these, on 
inaccessible boulders and caves, which have been lately 
discovered by the writer. Here again in the Raichur Distrift 
the effeft of entire deSttu£tion of vegetation has been the 
cause of a serious diminution of the water-table, combined 
with very serious erosion of the black cotton-soil upon the 
slopes. 

But, in the AsifabadDiStriffc, where the foreSt and vege- 
tation now bmds together the very sandy soil, formed from 
the local Gondwana sandstones, if entire eradication of the 
forest and vegetation is allowed, the writer fears that in 
certain areas the sand now held in place by the humus 
and undergrowth will separate from the binding soil and 
Start drifting with the winds, formmg shifting sand dunes. 
Instances of this are already visible in forest clearings. It 
is certain that these effefts ate greatly enhanced by the 
continuous pecking of the surface by hetds of goats. 

In West Australia, for many years, it was the praftice to 
cut down aR the trees in catchment areas of tanks to in- 
crease the run-off. This was especially done in the case of 
the huge water-supply scheme for Kdgoorlie where water 
is piped from Mundaring Dam, 308 miles away. Here 



defoteStation led to the moSt disastrous results, as, afte 
the deStru(5tiojti of the timber, the increase of 
potassium chlorides in the run-off became so high, that th 
water became unfit for trade, especially the cyanide pfoces 


commenced to corrode the pipes. , j r 

It may therefore be taken as a certainty that deforesta 
tion causes a permanent lowering of the undetgrouni 
water-level and leads to mo§l serious diminution or th 
underground water resources of a country, especially m 
tropics. An early eJ0fe£t of the deSirufbion of all 
is the development of gullies, or wasbaways hihsi 
and plains, the former being very 

scarps of the Deccan Trap* plateaux in the hiatatw 
country, the latter on all black cotton-soil slopes, i 
gullies are tlie a^ve agents for the annual removal of tons 
soil from the affetted areas. , -o i. 4 ♦ 

I have to thank Nawab Hamid Yar Jung Bahadut 
Inspcaor-Gcnetal of Forests, for^^rmpuj 
K-pIantatlon &e foUowing faas, taken &om 

Streams ” br Dr. Rodway, to my notice. 

The best evidence obtainable of the result or exces 
felling of trees and ravages of goats, comes ji® ■ 

of St. Helena. This isl£id situated in the South 
in the middle of the south-east trade winds, is ) 
placed to receive ample rainfall. Owing to c > 
mentioned above, the rainfall became so . 

serious droughts occurred which occasioned great * 
of cattle and crops. Towards the close of the la§t 
tenuous Steps were made to restore 
result that in late years the rainfall on the island 

the islands of Mauritius ^d Madc^ 
both teU the same tale. Degtruition of t 

tation were at once accompanied by serious dro g 

* Ftom Scandinaviaa trapjta a step, descdbing how these lava flow 
weather. 
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change of climate — and it was only after intensive replanta- 
tion that the rainfall returned. The island of Curacao, 
once beautiful with gardens and plantations, is now owing 
to the same cause, an arid wa§te, though the dense forests 
of the South American continent are but sixty miles away. 
With all these fafts before us it would seem a necessary 
line of practical politics for His Exalted Highness the 
Nizam’s Government to institute, at once, a well considered 
Scheme of replantation in all the Famine Areas. 
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PART II 

Underground Water-supply 


From a water-bearing point of view the surface cruSt 
Introduftion earth may be divided into two types, 

namely the soil and the rocks, the soil 
being derived from the rocks. The rocks may be regarded 
either as consolidated sediments derived from igneous 
rocks, or, igneous rocks themselves, out of which the sedi- 
ments were formed and subsequently consolidated. The 
soil, therefore, may not only lie upon the igneous rocks, 
but, also upon the consolidated sediments, as well as on 
both. 

Soil is the intermixture of rock-flour in a finely pulver- 
ised State in which organic matter is also 
included. 


Just as sedimentary' rocks ate detrital accumulations 
formed from pre-existing igneous, or other earlier sedi- 
mentary rock masses, so soils can again be divided into 
two kinds with regard to their origin, i.e., sedentary and 
transported. The sedentary soil is that portion of the rock 
which has been disintegrated and decomposed from the pa- 
tent rock. It generally occurs as an incniSting layer of 
:rumbling material on the rock from which it has been 
brmed by weathering agencies, and passes by impercept- 
ble gradations of decomposition into the parent rock. 
These lower gradations of decomposition are called the 
'uhsoil. 


Transported soil on the other hand, although originally* 
lerivedin a similar manner, has, subsequent to its formation, 
)een carried by water on to the top forming a mantle to some 
oreign rock to which it has no genetic relationship. The 
)e§t local typical instance of this is the vaa expanses of black 
otton-soil in the Marathwara diStrifts of this State. This 
ery extensive soil mantle, no doubt in the main, was de- 
lved from the weathering of the slopes of the plateaux 
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of Deccan Trap and was washed into the valleys^ below, 
carved out of similar rocks. However, a considerable 
portion was carried further afield by the aflaon of wind and 
water and is now found covering many different tj^es 
of rocks from which it has received httle or no contribution. 

The term rock is used to mean an aggregate of minerals 
j. held firmly together either by some ce- 

menting material, or by the initial cohesion 
of the minerals of whidj they are composed. Thus we 
have, broadly speaking, two main types of rock. Gxamined 
from their genetic point of view, these may be sedi- 
mentary, or i^eous in origin. The sedimentary formations 
may be traced to their original parentage in the igneous 
rocks. They were formed by water, or sub-aerial a£tion, 
and subsequently deposited in beds in the bottom of seas, 
eauaries, lakes, etc., out of which, owing to subsequent 
earth movements, they have emerged again to form new 
land masses. 

We thus find boulders, conglomerates, gravel beds, 
sandaones, shales and limeaones, all Indicating some parti- 
cular phase of water aftion and deposition under water. 
The various sedimentary rocks by meir arufture indicate 
different circomaances of deposition. Fossiliferous lime- 
aone formations indicate marine conditions, shale and 
sandaones were deposited in shallow water, ei^er fresh or 
saline, which can be discovered from their fossil contents, 
whila, on the other hand, boulders and gravels indicate 
sub-aerial conditions. This is a broad generalisation and, 
like all generalisations, has its exceptions, but the above 
represents the leading fadors of their origin. 

Igneous rocks are formed from the primary conaitu- 
ents of the earth’s nucleus and their origin is intimately 
conneded with the final consolidation of the earth from 
its once nebular or gaseous condition. But this asped of 
the earth’s hiaory touches upon the physical and aarono- 
mical sciences. As the writer is here particularly concern- 
ed in indicating a broad outline on potential sources of 
underground water-bearing conditions of soils and rocks, 
this asped of Geology need not detain us. 
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Sources of Underground Water 

Lindgren in his ‘ Mineral Deposits * clearly Sates there 
. is no physical or chemical criterion by 

^und water origin o£ a given water can be 

groun wa r. ^ determined. A pure water might possibly 
rise from interior sources and acquire saline conSituents 
during the ascent, and watca: of superficial derivation might 
be conceived to have become charged with tninefal 
products. If it is possible to distinguish between waters 
derived from the surface and those brought up from the 
interior of the earth, the evidence muS b^e circumSantial 
and depend on geologic and pysiographic teSimony, such 
as geologic StruSure, igneous history, rainfall and drainage 
basins. 

The water found in rocks can, therefore, be divided 
under two heads. 

1. Meteoric Waters, — {d) This is the water derived 
from rain which has simply descended into the earth and 
is Stored in cavities, fissures, capillary openings, either to 
ascend at suitable places under hydrostatic conditions, or 
remain Stored in the rocks. 

(i?) Some water is Stored in sedimentary rocks at 
the time of their deposition. Such water has been termed 
“ connate ” but is reaUy meteoric in origin and need not 
bother us further. 

2. Magmatic, or Juvenile Waters. — A third part of 
underground water is derived from deep-seated sources 
beneath the earth’s cruSt. Schuchert, the great authority 
on Historical Geology, believes the first primeval sea, 
which he terms Archeozoic, contained only about half the 
volume of the existing oceans, the reSt having been formed 
during geological times. It is calculated that the Carlsbad 
spring alone which discharges two million gallons a day 
would in five hundred million years have raised the sea- 
level by one hundred and sixty feet. The driving of the 
Simplon Tunnel, and the evidence derived from deep 
mining go to prove the existence of magmatic water. 
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Rainfall is dispetsed by three different methods, evapo~ 
, . . ration^ r$in~off by nullahs and rivets to 
Disposal of ram- tj^ggea, and thirdly by beneath 

the surface to swell the earth’s under- 
ground water-supply. A moment’s consideration wiU 
show, that such an enormous amount of different faftors 
here come into play, that no formula defining the propor- 
tions in which these three processes, viv^. evaporation, run- 
off and percolation may a£t can be devised. In India, 
where surface Storage of water has been the subjeft of the 
greatest investigation, evaporation and run-off has been 
Studied in various localities, but a general formula has 
been considered sufficient in most irrigation proje£fcs. No 
investigation has yet been undertaken on the percolation 
of rainfall and its effe£t on recharge of the water-table. 

Obviously many fadtors come into play in dealing with 
Evaporation. this calculation. 


The loss by evaporation from rainfall comes under the 
following heads : 

{a) Evaporation from water surfaces. 

(b) Evaporation from the soil. 

(f) Transpiration by vegetation. 

Mr. C. C. Paul gives the loss in a Reservoir by evapo- 
ration in decimals of a foot, which, for the purposes of this 
pamphlet, has been reduced to inches. 

7 >Aonth TABLE I. Feet Inches 


January 

February 

March 

April 

May 

June 

August 

September 

Ofrober 

November 

December 


. . *41 4‘9s^ 

*37 4*44 

.. -45 5*40 

.. *50 6’oo 

. . ‘64 7*68 

.. *50 6*00 

•J7 6-84 

.. *56 6*72 

• • ‘64 7*68 

•47 5-64 

.. *46 j*52 

• • ‘^3 2*76 

Total . . j*8o 69*60 
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These figures ate for evaporation of a big surface of 
water, but the problem of evaporation of rainfall brings 
in other fadtors which are impossible of accurate deter- 
mination. 

The evaporation of a small shower of rain falling on a 
heated surface of soil or rock will be very high ; but, if two 
or three inches of rain fell on soils or rocks of like tempe- 
rature, the total evaporation would apparently, even then, 
be higher than the evaporation on an open sh'eet of water. 
Owing to the fad that the total absorption of rains by soils 
can only be roughly estimated by the subtradion of that 
fador, plus run-off, from the total rainfall, it is at the best 
but a crude calculation. In England, we are informed, 
evaporation amounts from 1/3 to 1/2 of the total rainfall 
and on the coaStal plain of Virginia U. S. A. (Lat. 37°) 
the evaporation exceeds half the rainfall. 

The word run-off is used in two senses . In its quantita- 
g tive sen se it means that portion of the rain- 

Kun-o . measured at the lowest point of the 

catchment under observation) which flows away from the 
watershed by means of nullahs and Streams, whether by 
dired flow, or seepage, or springs. It is then expressed 
in inches, or in percentage of the rainfall in question. In 
its qualitative sense it means the rate of flow as measured 
in the Stream at the point of observation. It is then 
expressed either in terms of mches per hour over the whole 
catchment, or per sq. mile of the catchment, or in cubic 
feet per second. 

Taking the earth as a whole, the run-off in its quanti- 
tative sense is estimated as one-fifth of the total rainfall ; 
but, it is obvious that vegetation, geology, contour and 
climate ate all controlling fadors. Run-off may therefore 
vary from 1 00 per cent, on a roclcy island to nil in the Bikanir 
desert. For the calculations for the Nizamsagar Projed 
Mr. C. C. Paul, in his able report, has given the following 
percentages for the run-off in the different diStrids through 
which the river Manjra flows before reaching the dam site. 
The writer has added the geology of each area in the 
column headed Remarks. 
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TABLE n. 


Name of diStrid 

Monsoon Av. 
jover 40 yts. 

Percentage 
of run-off 

Remarks 

Bhit . . • • 

25.77 

14.0 

Deccan Trap 

Osmanabad 

31.07 

21.0 

do 

Bida£ • • • • 

33-87 

23.0 

, Deccan Trap and 



areas of laterite 

Medak 

32.1 j 

21.5 

Mostly gneissic 

Nizamabad 

36.66 

33-4 

country 

Deccan Trap and 




gneiss 


For the benefit of the country too much ^ess cannot 
be laid on the necessity of the various authorities doing 
their utmost to impound the rainfall not only by big irri- 
gation projefls, such as Nizamsagar, but of realizing that 
the smallest kunta, even a road dam, damming back vrater 
which would otherwise run to waste, is of value in augment- 
ing the underground water-supply. The total deStruftion 
of trees, and the overstocking of the country, especially with 
goats, which eat every seff-seeded sapling as soon as it 
sprouts, both form great dangers to the country and should 
be regulated. The writer has endeavoured to bring this 
to the notice of His Exalted Highness’s Government in 
his rq)orts on the underground water supplies of the 
Raichur, Surapur and Osmanabad DiStrifls of the Gul- 
barga Subah. Allied with the question of regulating the 
run-off is the question of soil erosion, and the remedy for 
that is fidd-bunding combined with tree planting parallel to 
the slopes. Such a procedure has theeffeff: of inducing 
greater underground percolation, and, if the State cannot 
see its way to carry on this praddce everywhere, at least it 
should be instituted on the saline areas of the Raichur 
DiStrid where such work will undoubtedly have moSl 
beneficial results. 
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The greater part of the rainfall may be absorbed into 
Soil absorption, quantity thus taken up 

being sometimes as great as 8o or 95 per 
cent. This absorption may be diredlly from the rain- 
fall, or indirectly from the rivers, lakes etc., although in 
most cases the water in the ground moves towards the 
Streams or other surface reservoirs. Movements in both 
directions may take place at different points in a river’s 
course, for, in a region of heavy rainfall the sub-surface 
water will move towards the river, while in an arid sandy 
country, in another part of the same river, it is more 
likely to seep from the river into the ground. This 
latter condition along canals is known to all Irrigation 
Engineers. The percolation of water from rivers into the 
surrounding country mainly depends on the speed of 
the river. Stagnant water deposits clay on its bed and 
renders the channel water-tight, a flowing Stream keeps 
clay in suspension and its bed porous. 

The chief faCtors that regulate the absorption of rainfall 
by the ground are (i) surface slope, (2) rate of precipitation 
(3) air temperature, (4) soil texture, (5) vegetation. 

If the slope is Steep, the tarn runs off before the soil 
has time to absorb it. Less rain will be absorbed from a 
heavy thunder shower than from a Steady downpour, be- 
cause, each type of soil has a different rate of absorption 
and, if the water is supplied faster than it can be taken up, 
the excess runs off. A high temperature decreases the 
surface tension of water and hence it can be more rapidly 
absorbed by the soil pores. Sandy soil soaks up rain more 
quickly than clayey ground because the pores are bigger. 

The texture of the soil must also be taken into account, 
for whereas mooram will absorb 23 per cent, of its weight 
of water and freely yields its Stored water, black cotton- 
soil, on the other hand, has a high imhihitton^ or capacity of 
withholding its absorbed water, so the percentage of avail- 
able water for wells is negligible. In the areas of deep 
black cotton-soil only a small percentage of the rainfall 
reaches the underlying rocks, 

4 



The soil expeiimetits, conduced at RothamStead and 
otliei places in England, show that water takes not less than 
font months to penetrate a cap of soil about 6o ft. thick. 
Although this estimate cannot be accepted in all cases to 
be the same, owing to possible difference in natural condi- 
tions, gtill it is reasonable to suppose that in a region of 
a thick soil cap which is not very sandy, a very appreciable 
period of time lapses ere the rain water percolates through. 

"Between the surface of the ground and the ground water-table, 
if a thick cap of soil as in the malnads (of the Mysore State), is inter- 
posed, a single heavy shower of ram falling on the suiface of the ground 
tends to compress the air contained in the porous holes of the soil 
cap. This leaflrs upon the water column below, compresses it in one 
place and raises the water in places free from this picssuie. The 
water thus bemg forced up will drain off mto the Siieams if it ffn/j g 
an outlet, ” — or will recuperate a well. fMys. Geol. Sur. Record, 
Vol. X.p.8a). 

Another feature as regards black cotton-soil muSt be 
noted. In parts of the Raichur area beneath the black 
cotton-soil, hes a layer of practically impermeable calcare- 
ous subftiatum, which further prevents the rainfall reach- 
mg the underlying rocks. Vegetation delays the run-off 
and the deep ramification of tree toots assist rain reaching 
the underground water-table. To summarise the whole 
question Lhe writer cannot do better than quote from Wood- 
ward, on page 3 1 of his ‘ The Geology of Water-Supply ’ ; 
"The available underground water is that leptesented by peicolation, 
which would be independent of the water of imbibition, and in the 
Oldinary course of nature would rise above the permanent plan** of 
saturation, and be given out in the form of sprmgs. 

“The sui face run-off may amount to i /6 or i /y of die rainfall^ when 
the ground is formed of a series of pervious and impervious Strata, 
and much more where the catchment aiea is formed ol dense and im- 
pervious locks. 

“The annual discharge or total run-off, which in Btibiia is estimated 
at from 1/4 to 1/3 of the rainfall, includes die surface flow and the 
underground outflow (seepage and springs) ; but of course the under- 
ground flow must vary according to the amount of water pumped. 

“Under natural dicumStances the amount of evaporation amd ab- 
sorption by vegetation may be rathei more than half the rainfall. It 
is estimated to vary m Biitain from 10 to 18 inches, and may be rec- 
koned generally at 14 inches. The amount that may percolate is 
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eglimatedat 1/4 ot 1/5 of the rainfall. Therefore we may roughly 
reckon the rainfall to be dispeised as follows : — 

Evaporation and absorption by vegetation . . ^ 

Surface run-off . . . . . . . . 

Percolation .. .. .. .. || 

“Again, if the mean average rainfall be 30 inches, and we deduft 
1/5 for reduflion in quantity during the three consecutive dry years, 
we have 24 inches to deal with. Allowing 3^ inches for run-off and 
14" for evaporation and absorption by vegetation, there remain a 
little ovei 6 inches for percolation and underground supply.** 

The water yielding capacity of rocks in general is 
Water yielding direiSy dependent on the porosity and 
capacity of permeability of rocks, /.<?. on the freedom 

mcks. of flow of the underground water ; be- 

cause upon this condition the yield of wells and the capa- 
city of the underground water Storage entirely depends. 
This is dire«5tly connefted with the capability of the soil 
and rocks to allow transit of watet through their media. 

Water-bearing rocks which yield supplies of water are 
of two kinds : — 

a. Porous ot pervious rocks which hold water 
throughout their mass in pore spaces. 
k Rocks in themselves pradtically impervious in 
mass, but holding water in joints, cleavage 
planes, fissures and other openings such as 
faults or shattered belts. 






rdationofiock texture to porosity. (After O. E. Meinzer ) 

A, "well-sorted sedimeutaiy deposit having high porosity; B, poor- 
ly sorted sedimentary deposit having low porosity ; C, "well-soited 
sedimentary deposit consisting of pebbles that are themselves porous, 
so that the deposit as a whole has very high porosity ; D, well-sorted 
sedimentary deposit whose porosity has been dimmished by the 
deposition ofmraeial matter 111 the interstices; E, rock rendered po- 
rous bysol"ution; F, rock rendered porous by fraftriring. 

(a) Porosifj. — ^Thc capacity of a soil or lock to absorb 
•water is a measure of its porosity. This is usually expressed 
as a percentage of its entire volume. For example, if loo 
eft. of sandstone can absorb 20 eft. of "water, the rock is 
said to possess a porosity of 20 per cent. The porosity 
and the average amount of water absorbed by a cubic foot 
of various kmds of material are given in the table below. 

TABLE m. 


(U. S. Geol. Sur. Water Supply Paper 232. p. /|6.) 


Sandstone 

Limestone 

Marble 

Granite 

Slate 

Chalk . . 
Sand 
Clay 
Soil 


Per cent of No. of quarts of 
pore space water absorbed per eft. 
4.81 minimum 


28.28 maximum 
. 14 mmimum 
13.36 maximum 
. 1 84 minimum 
3.578 maximum 
.969 

.099 minimum 
.504 maximum 
33.30 
5 ^ 

30 


2 to 6 
I to 5 

i/ioo to 1/4 

4 to 8 
8 to 10 
o to 12 
12 


(b) Permeability. — The permeability of a rock is its 
capaaty for allowing the entrance and passage of water. 
Permeable or pervious rocks allow water both to enter 
and drain away c^uickly and thus wells sunk in them may 
yield large supplies. 
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In an unconsolidated material such as soil, alluvium. 
Interstitial pores weathered rocks, etc., circulation of water 
(i) in uncon- mainly takes place through pores. Soils 

solidated ma- ate highly porous having a porosity of 

tenal and their about 50 per cent, but they ate frequently 
to serve as potential Storage 
reservoirs. Often, soils do not extend 
down even to the upper limits of the saturation zone, 
however, they are most important as being the conduit by 
which a portion of the rainfall they have absorbed is 
transmitted down to the zone of saturation. 


Although the pores in weathered rock may be ordi- 
narily small, all weathered rocks are not equally porous, 
nor is the capacity to hold water the same. The yielding 
capacity of this retained water also varies. Thus for inftance, 
clay and sand may be compared. Generally, tlie porosity of 
sand is about 40 per cent, but it freely yields a very large 
proportion of its water which passes through the pores so 
that a large amount becomes available. In the case of fine 
clay however it is entirely different. Although the capacity 
of clay to absorb water is about 50 per cent., its yield is 
negligible. Mo§t of the water absorbed in it is not trans- 
mitted and the water thus taken in, is not available. A 
highly clayey soil and beds of clay, in point of porosity, 
have much less permeability and do not therefore favour 
the downward percolation of rain water. 

Sandstones, a consolidated bed of sand and also lime- 
Intergtitial pores Slone, which ate all compaft and solid 
(2) in consoli- absorb more or less water, but do not 

dated rocks. transmit the absorbed water freely through 

the mass, the water being held in the pores of the rock by 
capillary attradtion and the water is given up very slowly. 

Pure shale, no doubt, contains a large amount of ab- 
sorbed water but has such small pores that water is held 
very tenaciously with little or no transmission. An 
examination of Fig. 6 page 36 will show how such rocks, 
owing to their impermeability when adting as confining 
mediums of highly porous Strata, under certain conditions 



may form tesetvoirs of underground water of vast import- 
ance. The igneous rocks like granite and metamorphic 
rocks like gneiss are composed of crystals closely inter- 
locked with one another and hence there is little pore-space 
in them. Fuller* States that granite will, on the aver- 
age, hold about -3 quart of water per cubic foot in the 
spaces between its grains. Withm a radius of 500 ft., 
around a well 300 ft. deep, the quantity of water Stored 
would approximately be 17,600,000 gallons, but the pore 
spaces are so small that hardly a drop of this would be 
yielded to the well, that which is obtained only coming from 
joints and fissures, etc. This Statement is substantially 
true of all the crystalline rocks. 

When the pores in rocks such as sandstones and 
weathered rocks arc very small, the interstitial circulation 
through these pores is also correspondingly slow. This 
slowness, however, has a very beneficial effect on the uni- 
form flow of springs and wells throughout the whole year. 
Some authors refer to this quality in rocks as specific 
Water yielding jield. It is the amount of water in 
xipacity. Specific any rock which forms an availalale sup- 
rield- ply if pierced by a well or bore-hole. 

The writer can find no table giving any details. 

The following table gives a genersu idea of the qualities 
rocks in the State. Imbibition in this table means the 
:apacity of a rock of withholding its absorbed water. 

* FuUer, U. S. W. S. P. No. 3 19. 1908. 
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TABLE IV. 


Rock 

Water 

Storage 

Perme- 

ability 

[mbibition 

Specific 

yield 

Granite* 

Very Low 

Very Low 

High 

Megligible* 

Gneiss* . . 

do 

do 

do 

do * 

Schists* . . 

do 

do 

do 

do * 

Limestones 

Low 

Low 

Very High 

do * 

Coaisc sandstones . . 

High 

High 

Low 

High 

Fine sandstones 

Medium 

High 

Low 

Moderate 

Shales . . 

Large 

Low 

Very High 

Negligible 

Conglomerates 

Veiy High 

Very High 

Very Low 

Very High 

Gravels and Boulder 
Beds . . 

Very High 

Very High 

Very low 

Very High 

Detcan Trap. 





Fine grained Basaltic.* 

Very Low 

Very Low 

High 

Negligible* 

t Vesicular and Amyg- 
daloidal 

High 

High 

Low 

High 

Decomposed Dn. Trap 
layers and ash beds 

Very High 

Hgh 

Low 

High 

Laterite 

High 

High 

Low 

High 


It must be catefully noted that available percentage in these rocks 
marked * is given in respeft to the rock itself and takes no account of 
water contained and available in jomts and fissures, which may be 
very high. 

t Vesicular Trap with spongy appearance. Amygdaloidal, almond 
shaped holes often filled with secondary minerals. Holes due to 
escaping gases. 

Undei interstitial spaces, the porosity of shallow soils 
Movement of has been considered, and it has been noted 

watei in soil. that in such cases they only a6t as a 
filtering but not as a Storage medium. 

In cases of great depths of soil the rain water sinks 
through pores and interspaces and, if the soil re§ts on a 
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more impermeable substratum, this great depth of soil may 
hold a laige accumulation of water. Although the surface 
configuration may appear praftically level, yet the underly- 
ing rocks may form a huge basin, the periphery of which 
may or may not be concealed. Such instances may be 
discovered by chance, or their existence suggested by 
outcrops. These basins frequently form very important 
underground reservoirs of water, see Fig. ii, page 72. 
The following table V, showing rale of percolation of 
water in different kinds of soils, is taken from United States 
Geological Survey Water-supply Paper 219, page 27. 

TABLE V. 


Kind of soil 

Diameter of soil 
giain in inches 

Velocity with gradient of 
100 ft. pci mile 

Feet pel 
year 

Feet per 
month 

1 

Silt • • 

-00012 or 1/800 

12 

I ft. 


nearly 



Very fine sand 

-0028 or 1/350 do 

66 


Fine sand 

•0060 or 1/160 do 

304 

I ft, per day 




nearly. 

Medium sand 

'0140 or 1/70 do 

1,650 

5 ft. do 

Coarse sand • • 

•0600 or 1/35 do 

7.577 

22 ft. do 

Fine gravel 

-i2ooori/8 do 

121,229 

3 3 ft. do 


In the Igneous rocks, however, the effective waterways 
Movement of ate the joints, cracks, fissures etc., which 
open passages for percolation sufficient 
to be of considerable value as a source 
of supply. The water usually follows 
the dip or inclination of these joints 
which may be vertical, transverse or horizontal. 

In the gneisses and schi§ts generally, the mote or less 
vertical fissures are the moft effe£Hve openings. In granites 


•watetin igne- 
ous and meta- 
motphic rocks 
and consolida- 
ted sediments. 
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the horizontal fissures are also useful in keeping up a 
communication in the circulating system. In the sedi- 
mentary bedded rocks, the horizontal bedding planes also 
play a prominent role, particularly when the pervious and 
impervious layers intervene. As the water descends 
underground both in igneous and sedimentary rocks, these 
seledrive fissures become less and less in size and frequency 
and are finally reduced to their minimum capacity. As 
a general effe£t the flow of water in the upper zone is high 
but becomes less and less as depth is attained. 

Moreover, the flow of water in these superficial open- 
ings is dire6Hy proportional to the weathering of the rocks 
into which the passages intertwine. The surface water 
charged with carbon dioxide (COg) and 
EffeSs of weather- humic acids derived from vegetable decom- 
ing in pores position, forms a very powerful solvent 
and openings. ^nd SO the vertical joints are likely to be 
more widely affedled than the other joints, 
either transverse or horizontal, the latter being affefted the 
least. In the interseftion of joints, however, the horizontal 
percolation maybe greatly increased as the water gets easy 
access to them during its downward filtration. 

The igneous lava outflows known as Deccan Trap 
have been dealt with on pages 89-9Z. Suffice here to say, 
that, although the horizontal joints frequently give fair 
supplies of water, the main valuable potential supplies are 
to be Struck in the highly porous layers which consist of 
heavily weathered Trap flows. 

The nature of openings in rocks may be briefly noted 
here. These may be divided into two 
Openings in classes in accordance with form, or size, 

rocks. Thus, classifying by form, three phases 

may be distinguished : — (i) Those openings which are 
of great length and depth as compared with width : this 
class is represented by fissures, faults, joints, divisional 
planes etc. (2) Those showing tubular openings ; 
these latter generally occur in mechanical sechments, e.g, 
conglomerates, sandstones etc. (3) Those showing irregular 
5 
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openings, such as vesiculaf lavas and iiregulajc f£a6bufes 
in focks typify this form. 

In classifying by size, three phases may likewise be 
diamguished : — (i) Super-capillary openings ; (2) Capillary 
openings ; (3) Sub-capillary openings. The super-capillary 
openings include a great number of openings formed by 
earth movements, resulting in faults, joints, bedding planes, 
partings and the openings between the laminae in highly 
fissile rocks. They may also be circular tubes exceeding 
•508 mm. in diameter, and about *2540^11. width in sheet- 
like openings. In the openings of super-capillary capacity, 
the ordinary laws of hydrostatics apply, A large majority 
of the rocks of this State belongs to this class. 

Everyone knows that rocks are not continuous Struc- 
tures forming one solid mass of indefinite extent. They 
are split up by planes of division of various kinds which 
break them up into well-defined masses. The commonest 
ofthese planes are known as joints, and may be examined 
in any outcrop or quarry. Another important set of 
divisional planes are produced by earth movements and 
these lead to cleavage and foliation. Such Strufhires are 
charafteriSlic of metamorphic rocks such as crystalline 
schiSts and gneisses both of which occupy big areas in the 
State. See Photo Plate I, figs. 2 & 3. 

Cleavage is the property of splitting along parallel 
planes and is beSt exhibited in slate, and is well illustrated 
in Shahabad Stone quarries. See Photo Plate I, fig,, 4. 
Foliation consists of parallel arrangement of the minerals 
of the rock and this parallel arrangement often allows the 
rock to split more easily in one direftion than in any other. 
Gneisses are always more or less foliated and it is this 
diarafteriSdc which allows the waddar* to bum off 
slabs from its surface. Qeavage and foliation differ ftom 
jointing in that they admit of only one direftion of 
fissuring instead of three. Since, however, the fissures 
may be, and usually are, much more closely placed, and 

•For tneaning of the term see foot-note on page 155. 
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are almoSl always highly inclined to the surface of the 
ground, cleavage and foliation planes are often more effeO:- 
ive than joints in permitting the percolation of rain-water 
and converting what would, otherwise, be an impervious 
rock into rock of high water-bearing potentiahty. 
Neither cleavage nor foliation produces adhial divisional 
planes in a rock. They only produce a tendency to split, 
which weathering subsequently converts into afbial 
fissures. In capillary openings, the openings vary between 
■o6 mm. and *0002 mm. in diameter in circular tubes, 
and *25 and *0001 mm. insheet-like passages. Here the 
laws of capillary flows apply. Sub-capillary openings are 
smaller than *0002 to *0001 mm. in dimension. 

The passage of water through rocks is subjeft to the 
laws that regulate its flow through tubes. Tubes that 
are less than o* 5 mm. in diameter and spaces less than 0*25 
mm. wide, are said to be capillary and water creeps along 
them by capillary attraction^ and may thus rise again§t gravity, 
but it cannot be forced through by pressure of a head 
of water. Larger tubes and spaces are super-capillary, and 
water is driven through them by gravity and gas pressure. 
In small tubes, which may be compared to the small 
fissures and passages in rocks, the flow of water is controlled 
by fri£hon. This fri£tion in the tube increases dire£fiy 
with (tf) decrease in diameter, (^) increase in length, and 
{c) roughness of the inner surface, and as the square of the 
velocity. 

The slope of a water-table* depends on the friftion. 
Water poured into an empty U-tube rises to the same level 
in both arms because the fridion is negligible. If the tube 
be filled with sand, the fridion is appreciable, and water 
poured into one arm rises slowly in the other. If the lower 
part of die tube be filled with clay, the water only penetrates 
the clay by surface tension, and the ‘ head ’ of the pressure 
of the water has no eflFed, and none passes through the clay 
into the other arm. 

♦ For definitioa see p. 27 last paragraph. 
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The height to which watet rises in rocks may be iiiuftrat- 
ed by a series of pitT^pmsters or pressure 
Piezometer meters, as illustrated in Fig. a taken from 
Experiments. Economic Geology by Gregory, page 226. 

Pi Ps ft Ps 




Fig. 2, Water-Level. 

Water-level in a series of pie^ometcfs Pi.-Py. Hs. S — ^Hydro- 
Static sutfecc. HI SI — ^Hydraulic Gradient. (After J. W. Gregory, 
The Elements of Economic Geology) 

If a horizontal pipe from the lower part of the water tank is 
closed at the onterend by the tap T and beats a low of vertical tubes 
(P i-P 5), the water will rise m each of them to its height in the 
tank, and that level is the hydrostatic surface (Hs. S). If the tap 
be opened the water in the vertical tubes falls to a surface sloping from 
the water-level in the tank to the outlet. As the water is flowing, 
the conditions are hydraulic, and the indined surface, HI SI, is the 
hydraulic slope or gradient. This gradient depends on the velocity 
of the water along the pipe ; the greater its velocity, the lower the 
water-level in the vertical pipes. The height of the water in each of 
them is the pressure-head ; the difference of pressure-head between 
flowing and Stagnant water is the ^velocity-head’ the picssure-hcad 
and vdoaty-head togethei equal the hydroStatic-head. If the hori- 
zontal pipe be conStriEted (Fig. 2 B) so that die flow of the watet along 
It be reduced, or if part of it be filled with sand so that the ftifhon is 


increased, then the pressure-head is raised. The hydraulic gradient 
therefore varies "with the conditions in the outlet r.hannpl^ and may be 
an irregular slope. If the pipes and the side of the tank were replaced 
by a block of porous sandftone the water would soak into the Stone 
and flow through it to an outlet at the free end under conditions 
similar to that in the pipes. The block of sandstone would behave as 
a continuous chain of pie2ometers. If there were no outlet the water 
would saturate the block to the level of the water in the tank; the 
water-table would coincide with the hydrostatic surface. If there be 
a free outlet the water-table would be the hydrauhe gradient from the 
water-level in the tank to the outlet, and would vary with the porosity 
of the sandstone. If the sandstone were replaced by a block composed 
of layers of sand and clay the water-table would be an irregular surface ; 
the water would rise to different heights according to the permea- 
ability of the material; the greateft possible height would be that 
of the water-level in the tank. If part of the block were heated by a 
lamp, then the water near it might be raised above the hydrostatic 
surface by gas pressure.** 

Whea the '^ater is absorbed by the ground (Ref. 

Meinzer U. S. Geol. Sur. W. S. P. No. 489, 
Diaribution of 1923) some of it is held in pores of the 
underground tjjg surface. Mofl: of it, how- 

ever, sinks downward into deeper layers 
of the regoUth the mantle of unconsolidated material 
which in most regions covers the bed rock — ^this it 
saturates, while some of it percolates StiU further into the 
pores, joints, fissures or other openings of the bed rock, 
wherever it can penetrate. 

There is no such thing as a vast sheet of water under- 
ground similar to the surface of a sea, or lake, neither, 
except in very special rocks, are there any reservoirs, or 
big undergrouncf tanks as we have on land. The Streams 
of underground water which water diviners so vividly 
describe have no real existence outside their own ima- 
gination. 

The upper limit of this saturated zone is known as 
ground water-table. The water of the saturated zone is 
known as g^omdwatir. This water is under hypostatic 
pressure, and serves as the source of supply for springs and 
wells. The groundwater may extend to different d^ths 
in different localities, but on an average the porosity or the 
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tocks decreases as the depth increases. MoStof the water 
in crystalline rocks is found within 300 feet of the surface. 
The popular idea that, if you go deep enough you muSt 
find water is not borne out in praftice ; in faft, the reverse 
is nearer the truth. A very good instance in point is the 
Hutti Mine where water was more or less plentiful, requiring 
fairly large pumping plants down as far as about 700 feet. 
From that depth downwards to 3,000 feet the rock was so 
dry that water even for boring drill-holes had to be carried 
underground. 

Extendmg from the water-table to the surface is the 
zone of aeration. See Fig. 3. 



Fig. 3 : — ^Diagiammatic seflion showing the three belts of the 
zone of aeration and the saturated zone beneath. (After Meinzer, 
U. S. Geol. Sur. W. S. P. 489. 1923). 

This Diagrammatic Seftion shows the three belts of 
the zone of aeration, in which the ground is usually only 
partly filled with water, and which, for the mo§t part, is 
held by molecular attrafbion. This water is therefore 
sometimes referred to as suspended sub-surface water, 
which is particularly useful for the su^enance of vegeta- 
tion. 

The aeration zone may be farther subdivided into (i) 
an upper belt of soil water, (2) an intermediate belt, (3) a 
lower belt of capillary fringe, lying immediately above the 
water-table and containing water drawn from the zone of 
saturation by capillary a^on. All these will at once be 
readily recognised by anybody used to sinking wells. 
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The upper limit of the groundwater, or water-table 
Water-table. foUows, though in a less marked way, 
the inequalities of the surface of the 
land. This is very dearly shewn in the sections along the 
Broad and Metre gauge lines of His Exalted Highness the 
Nizam’s State Railway, drawn from information very kindly 
supplied by Mr. F. M. B. Rosenthal and his able Staff, to 
whom I wish to express my gratitude. (Plates II and III). 
This water gradient rises highest in the hills and lowest in 
the depressions but is furthest removed from the surface 
on hill tops and rises nearest to the surface in the depressions 
or valleys. It shows the least slope in porous sand and 
the steepest slope in clays, so that, in the latter, it may follow 
the contour of the coun^ very dosely. 

In solid rocks there is no continuous zone of ground- 
water such as is found in the subsoil, but the water, filling 
any conneded joints and fissures, will tend to rise to the 
same average level. See Fig. i2, p. 76. 

Above the mam water-table small bodies of water are 
sometimes found which owe their 
Perched water- presence to local beds, beds of clay, 
tables. dykes, or other impervious material. At 

Mudgal, (Lingsugur Taluq, Raichur Di^trid), for instance, 
a mile south of the town mere is a gneissic plateau Strewn 
with boulders, 80 feet above the main level of the country 
where a good supply of water 4 feet below ground-level 
can be tapped throughout the year. It will be seen that at 
very little cost such water can be tapped and syphoned as a 
pure village drinking water-supply. The writer has lately 
located an excellent example of perched water-table in the 
hills above Surapur Town, Gulbarga DiStrid, in a valley 
south-weSt of the Tehsil Office where a large quantity of 
water is held up by a series of cross dykes. Thus, water 
which averages about 10 feet below the surface, lies 60 feet 
above the level of the Surapur bazaars and 500 feet above 
the average water-table of the Krishna-Bhima Doab, see 
Fig. 4 iiext page. 

I have examined many of the wells at the top of Deccan 
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Forts which local gossip daim to be petennial. There is 
no doubt that, in each maance, the fad that water does 
remain in these wells all the year round is corred, the reason 
being that nobody draws from them. They are one and 



Fig. 4. Surapur town Fetched Watei-table showing water-level 
cofitout to the Krishna River. 

all, including one big aorage reservoir at Daulatabad Fort, 
merely underground ciaerns which retain the colleded 
rain water, “ftiese are not to be miaaken for perched 
water-tables. 

Fluduations may be of natural or artificial charader. 

Natural causes are rainfall, floods, sym- 
pathetic tides near the sea coast, temper- 
ature and pressure. Artificial causes are 
conftrudion of big dams or reservoirs 
or their breaching, and the introdudion of a large syftem 
of irrigation canals through a diftrid. 

The effed of rainfall on the water-level in wells is too 
obvious to discuss, but the question how soon the mon- 
soon tains begin to affed the recuperation of wells is of 
great importance. No hard and fagt rule can be laid down 
as so many £a.dors come into play, e.g. surface soil, rate of 
rainfall etc. In the Raichur DiSttid it has been found that 
the underground water-table is not seriously afleded 


Causes of fiuda- 
ation of water- 
table. 
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until late in September, but the rainfall during the term of 
operations since Tliir 1337 Fash (May 1928) has been most 
inconsiftenl. The range of water-table flu6hiation between 
the end of the monsoons and the end of the dry weather in 
three wells in Lingsugur kept under observation was 8 feet 
with a total rainfall of 36-99'' for the period August 
1931 — August 32. Further enquities into this question 
arc under progress.* 

Lacey m his “ Hydrology And Ground Water, ” page 
10 1 mentions that observations at Ootacamund showed the 
range of groundwater level, for percolation wells, from the 
end of monsoon period to the end of the dry weather was 8 
feet and the supply to the wells lagged two months after the 
rains. 

Dealing with this question Lacey further writes on 
page 57, para 36. 

“ In compatiag and analysing the surface yields of hydrographical 
basins due to the rain falling on them the period generally taken for 
comparison is that period of time in which the seasons complete their 
cycle, that IS, a year; but it is obvious that the calendar year is not 
suited for such comparison, and the period of time for our purposes 
should be what may be termed die ‘ Water Year. ’ The ‘ Water 
Year * should begin when the groundwatei plane of saturation is at its 
lowea level, or at its highest level, but as it is not always possible to 
ascertain the mean calendar month in which these conditions obtain, 
the water year is generally assumed to begin when surface or Stream-flow 
is at Its miiumum or ceases altogether, and ends at a similar date the next 
year. If rainfall and surface yield are tabulated, Starting fi om the calen- 
dar month, or the next succeedmg month in which Stieam-flow is nil, or 
at its mimmum, it wdl be found that the connefilion between rainfall 
and surface yield are more regular tiaan when results are tabulated by 
the calendar year. In the Biitish Isles and in the United States of 
America the water year will begin about September. In India the 
water yeai will begin at the end of the dry weather period, generally 
about the iSt June. In further analysing the surface yield of a basin, 
the total yield of a water year may not always be a reliable guide as 
to the supply available, as during certain periods of the year there may 
be httlc or no yield, although the total yield of the year may have been 
suffiaent for requirements, and a further division of the water year 
into seasonable periods seems necessary. 

♦ Information on this subjeft from other diSlriifl: would be moft 
gratefully accepted and acknowledged. 

6 
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It is possible to ascertain from observations of rainfalls for a con- 
siderable number of years at a locality the wet and dry seasons of a 
year, and to divide the water year into periods when the relations of 
surface yield to lamfall are maikcdly different. American inveSli- 
gatois divide the water year into three seasons, viz. (i) The Storage 
period during which evaporation and transpiration are small, the sur- 
face yield large, and during which period the groundwater plane of 
saturation reaches its highest level ; (2) the growing period, when 
evaporation and transpiration are large, the surface yield is small and 
decreases to its minimum, or ceases altogether, and the groundwater 
plane of satuiation sinks to its lowest level; (3) the replenishing 
period, when, with normal rainfall, the groundwater plane tends to 
recover its level, Streams begin to mciease in flow and normal condi- 
tions are re-eglabhshed. ” 

The diminution of the rainfall has naturally a great 
effedt on the level of the 'water-table. The Note pubhshed 
in the Annual Report of the Well Sinking Department for 
i34oFasli, (1930-31), illu§trated with raimall graph, map 
and sedtions, shows many instances in the western half of 
the Raichur DiSlridt where the water-table has shrunk 10 
feet and over, during the last 10 years. 

It would be of great value if the Revenue, or Agricul- 
tural Departments could institute like surveys over the re- 
mainder of the State. 

The British Association have laid down the following 
list of questions to be answered in the case of enquiries on 
wells : — 

(i) The exadt position of the wdl. 

(z) When was it sunk ? 

(5) What is the total depth of the well ? 

(4) What is the depth of water below ground surface 

(/) end of winter («) end of summer. 

(5 ) At what time of the year is the water-level highest, 

and at what time is it at its lowest level ? Is 
this level Stationary, or are there signs that the 
level IS rising or fallmg ? 

(6) What IS the charadter of the water ? 

(7) Give the Strata as far as possible through which the 

well has been sunk. 

(8) Does surface water percolate into the well ? 
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(9) How long does it take before wet weather causes 
the water in the well to rise ? 

(10) Any further remarks. 

If officers of the Revenue and Agricultural Depart- 
ments would endeavour to obtain these answers from as 
many sources as possible, the Geological Survey would 
gladly tabulate and publish them for general information. 

Many of my readers will remember the effed that the 


. , drying up of the Hussain Sagar Tank 

a. causes, lowering of the water-level in 

the wells in Secunderabad and Hughes Town. An opposite 
effed has, no doubt, come about, now that the tank 


is a^ain full. This same result will happen in the 
vicinity of all big reservoirs ofwater which have the ejffed 
of raising the local water-table. The same result mu§t na- 
turally follow in the vicinity of irrigation canals. 

That depth reduces the chances of finding water has 
Lower Limit of already been referred to in the Seffcion 
underground on distribution of Underground Water, 
water. Mining has proved that in crystalline 

rocks 250 to 300 feet is about the maximum at which water 
is found. Sedimentary rocks are of course different and 
water has been Struck under artesian conditions up to 
3,000 feet in depth. Deep mining has sometimes opened 
up hot springs of magmatic water, but such fortuitous 
occurrences do not come within the purview of this paper. 

Groundwater tends to move in the diredion of the 


steepest slope ; so, roughly, the flow will 
Movement of be parallel to the surface drainage. Un- 
groundwater. seen obStrudions beneath the surface may 
affeft this, as will be seen later. In the 
ordinary case groundwater flows towards the valleys where 
it seeps into the channel of the Stream. In some 
instances the groundwater is separated from the sub- 
surface water by a bed of clay. This occurs in the Stream 
which crosses the Lingsugur-Mudgal road at mile 6, 

■ furlong 2. The Well Sinking Department have taken 
advantage of this occurrence to divert the sweet rain-water 
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collefted ia the sand of the nvdlah into an underground 
cistern, as at that point the groundwater is saline. (i ' 5 ° B),* 
Plate XI. 

A spring may be defined as a natural outflow of water 
Sprincs from the ground at some definite point, 

^ and from a rather definite opening. A seep- 

age differs from a spring in that it has no definite opening. 

Brj’^an, Journal Geol. XXVII, 1919, has classified springs 
as follows : — 

1. Springs of deep seated origin. Supplied by 
juvenile or connate water admixed with deeper meteoric 
water. Show no seasonal fludtuation nor hydrostatic 
head. They include waters usually hot and more or less 
Strongly mineralised. 

(<?) Volcanic springs associated with volcanoes and 
commonly hot. 

{b) Fissure sprmgs due to frafture extending into 
deeper parts of the earth’s cruSt. 

2. ^'(•'aters, mainly meteoric, moving as gtoundwatei 
under hydrostatic head, may fluctuate and flow with rain- 
fall. 



Pig 5 • — Sefhons illnSliating : A, deptession spring ; B, contafi 
spring; C, aitesian spring; and D, tubular spring ; S=8pring ; 
W= water table. 

* B=Density (percentage of Salt in solution) as given by the 
Bcaum6 Hydi omctei , 
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The following sub-types ate recognised : — ^Fig. 5 . 

A. Depression springs due to the land surface cutting 

the water-table in porous rocks. Topogra- 
phic location variable. Outflow usually a 
seepage. 

B. Contadt springs emerging from a porous rock 

overlying an impervious one. Flow of water 
due to gravity and discharge of water along 
upper edge of the impervious rock often in 
the nature of seepage. The watertight rock 
may be a cemented layer in sand, a bed of 
clay, or hard sandstone etc. 

C. Artesian springs, caused by presence of pervious 

beds, between impervious materials. It is 
essential that the porous bed outcrops so as to 
catch the rainwater, and further more that it 
be inclined. Sedimentary rocks, alternating 
lava flows, tuffs, gravel, or clays may supply 
the requisite conditions. In some cases the 
porous bed may be crossed by a fault or a joint 
fradhire along which the water rises towards 
the surface. 

D. Springs in impervious rock, the water moving 

through openings of secondary origin. Two 
sub-types are : — 

1 . Tubular springs, in which the water flows more 

or less through tubular openings, such as 
solution channels in limestone. 

2. Fradhire springs, whose origin is due to water, 

coUedhng m and flowing from fradtures, 
such as joints, planes of beddmg, cleavage, 
or schiStosity, or even fault fradfcure. 

This term Artesian water originally applied to water 
under suflicient Static head that, if tapped 
Artesian water, ^ j^ore, overflowed like the wells in the 
Province of Artois in France. For such a phenomenon to 
occur entails a definite arrangement of underground geo- 
logical conditions consisting of a porous layer of rock 
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lying between two tektively impetmeable layets, the porous 
layer being able to receive water-supply diredly or indirefhy 
from the rainfall. Figure 6 below, explains the necessary 
conditions in sedimentary rocks. 



Fig. 6. — aa, poious layer, bb lelativcly impermeable layer, c, po- 
rous bed which thins out, overlaid by d, a layer of clay'oj shale, c, f, g, 
flowing wells, h, well with only semi-aitesian effeSs. 

The whole theory has been fully explained by Meinzer 
in a diagram which he gives in Water-supply Paper 
No. 494 of the U. S. Geol. Survey which is given below : 
Fig. 7. 



Fig- 7* — Sections showing hydio^t-itic piessute in aquifcis and 
wells. In A the lower aquifer has subnoimal head ; its piezometric 
surface is below the upper surface of the zone of saturation, the 
resultant hydrostatic pressure on the confining bed is downward, 
and the bed may be called a negative confining bed. Both wells arc 
non-aitesian. The water in the uppet aquifer is semi-perched — it 
belongs to the same zone of saturation as the lower aquifer. In B the 
lower aquifer has artesian head, its piezometric surface is above the 
upper surface of the zojie of saturation and in some places above the 
land surface, the resultant hydrostatic pressure on the confining bed is 
upward, and the bed may be called a positive confining bed. No. i 
is a non-artesian well, No. z a subartesian well^ and No 3 a flowing 
well. The Static level of the water in the lower aquifer at the intake 
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of well No 3 IS at /, and its pressuie head with reference to the land 
sulfa ce is the vertical diftance aa' is an aiea of aiteskn flow. 
(After Meinzei’ U. S. Geol. Surv., W. S. P. 494.) 

On page 76 Fig. 12, will be found a diagram and des- 
cription showing conditions under which artesian and semi- 
artesian effefts can be found in crystalline rocks, and on 
page 77 Fig. 13, is a diagram of a well at Ghatkasar, mile, 
12 on the Nizam’s State Railway. The writer, when 
boring for coal, met artesian effeiSs in the AsifabadDiSlrift 
and also at Jangaon, Karimnagar DiStrid, in a bore-hole 
1,300 ft. deep, but, in both instances the flow was but little, 
and in the latter case ceased when the casing pipes were 
withdrawn. 

Owing to the greater portion of the State being com- 
posed of crystalline rocks and igneous lava flows, the 
chance of tapping permanent spouting water by boring is 
practically nil. 

Under ideal conditions artesian water may be tapped 
miles away from the coUeCting ground where the porous 
rock receives its supply. In South Dakota, U. S. A., in 
the Great Plain, artesian water is tapped at the depth of 
3,000 ft., 3 00 miles away from where the outcrop of porous 
shales receives its supply. The late Professor Gregory, 
who reported on the failing of the artesian supplies of 
certain bores in Queensland, has suggested that it was not 
Static head that caused the artesian effeCl: but that this was 
derived from rock pressure. Similar conditions have been 
discovered by American Geologists while studying the 
Wisconsin artesian systems. 

Very often the question of the possible total supply 
Calculated total per annum, that any given area may be 
available quantity expeCted to yield ffom weUs, becomes of 
of undergiound very great importance. The solution 
water in a given question depends on all the various 

factors we have been dealing with above 

: — ^rainfall, evaporation, run-off, porosity of soils and 
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undetlying rocks, and the geographical chara&er of the area 
under consideration. 

The following formula may be used to calculate the 
total annual intake in areas of simple geological and topo- 
graphical Strafture : — 

{Absorption factor)* X (rainfall in inches) X (catch- 
ment area in square miles) X 2, 3 23 ,200 =the total 
cubic feet of water absorbed in one square mile 
of the area under consideration. The figure 
2,323,200 represents the cubic feet of water 
received on the surface of one square mile with 
a fall of one inch of rain. This calculation 
however does not help us to come to any 
definite idea as to the available water in that 
area, but can be used as a guide to warn engi- 
neers against overpumping of wells within the 
area. 

As regards average rainfall, besides deducing for run-off 
and evaporation, in reckoning the amount of available rain- 
fall, it is customary to take the mean average of the locality 
and to deduft 1/5 th or i/6th as an allowance for three 
consecutive dry years. 

Lacey in his “ Hydrology And Ground Water” pages 
102-03 writes : — 

“ If the axea is not pciiodicaliy fed by floods 01 surfecc watets, but 
the supply to the giound water is entiiely dependent on rainfall alone, 
the supply ot percolation to the giound watei mua be estimated on 
the principles laid down in Chapter IV. That is, the percolation will 
be the rainfall less losses due to transpiration and soil evaporation, the 
latter dependmg on the nature of the soil and the depth of the ground 
watei plane below the surface. If the chmate is and and the variation 
in annual lainfall gieat, it is desirable to assume as the ‘ supply avail- 
able ’ the giound water yield of the year of minimum rainfall, or the 
mean ground water yield of the three successive driest years. As a 
particular example, if the aiea under consideration is situated in the 
traft of insecure rainfall m the Ceded diStrifts of the Madras Presidency 

♦ This fertor must be calculated for each area and is dependent on 
the conditions explamed m this pamphlet, page i j et seq. 
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“This patadox arises presumably from the fafl: that within the semi- 
atid region the rocks are widely exposed at the surface or possess a 
veneer of a relatively porous nature, display cracks that are open and 
unfilled with clayey matter, are but slightly decomposed and contain 
in therr pores hardly any colloidal substances. The occasional rains 
are therefore able to penetrate them easily. In the area of high rainfall 
the rocks on the contrary are often concealed beneath deep loamy or 
clayey soils, are usually decomposed in depth and have their crevices 
and pores filled widi amorphous or colloidal matter derived from 
extreme weatheiing of the constituent minerals. Infiltration will thus 
be hindered, as is also suggested by the high coefficient of run-off. 
Confirmation of this explanation is to be found in the observation 
brought out from the analysis of the records for the mtrusive diabases 
of the Central Transvaal, that, where these rocks have become 
thoroughly decomposed to abnormal depths, the bore-hole yields 
instead of being large are well below the average. Many similar 
cases involving other formations could also be quoted in support of 
this view, which, while to my mind of fundamental importance, does 
not appear to have been recognized hitlrerto, for it seems to have been 
taady assumed that larger supplies should generally charafterize 
regions of higher rainfall. ” 

“lire town, of Raichur, like Adorn, given in table above, 
is situated in a tta£t of insecuie tainfall. The mean average 
rainfall for the paSl 34 years is zi ■ 9a inches and the lowest 
three consecutive years were between 1316-18 Fasli, 
(1907-09 A.D.) which was 16*23 inches. The highest 
and the lowest rainfalls occurred respedtively in 1325 Fasli 
(1916 A.D.) 46*16 ins. and 10*29 ins. in 1316 Fasli 
(1907 A.D.). To the east of Raichur lies an area, as yet unsur- 
veyed composed of highly acidic gneiss, apparently de- 
composed to a considerable depth, with very little soil cover- 
ing, (see Fig. II page 72). Such a material has both high poro- 
sity and specific yield. The writer has drawn the attention 
of Government to this locality. His belief is, that wells sunk 
in this area and supplemented by others in the neighbour- 
hood, might, if fitted with eledlric pumps, give sufficient 
drinking-water for Raichur town even in the worst years. 
The whole area should be moSt carefully geologically 
surveyed and tbe depth of weathering proved by bore-holes 
and trial pits. This investigation would only cost a few 
thousand rupees and might result in saving the State 
some lacs. 
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Water Finding 

The necessary training to become a successful water 
finder is so various that it is very difficult to analyse. 

First and foremost, undoubtedly, comes the gift of 
observation and deduftion. The gift of observation, like 
the sense of direftion, probably can be acquired, to a certain 
extent, but, primarily it is a gift of nature. It is surprising 
how many people go through the world with their eyes 
shut. The powers of observation do not apparently go 
hand in hand with advanced education, sometimes it wo\3d 
appear that the reverse is the case. It is only necessary 
to have watched an Australian black tracking a loSt child 
(of lo years old) over a bare gramte outcrop to realize to 
what perfection observation can attain. The Indian on 
the whole, is not observant. Even the Ghond, or Koya, 
cannot rise to the tracking powers of his distant cousin the 
Australian. Many European and Indian geologists, highly 
trained in book knowledge, seem to have entirely lost, or 
failed to ever develop this moSt essential gift, or inSlinft, so 
highly developed in the aborigine. 

Scientific imagination and the habit of considering 
the distribution of rocks in three dimensions are essential 
to a successful water finder. Scientific imagination muSt 
be utilized and kept in check by careful unbiassed deduCHon, 
remembering the caustic diftum of Huxley — “ a working 
hypothesis is a capital horse to ride, provided he does not 
take the bit between his teeth and bolt with us. In other 
words, prefer theories based on fafts rather than fafts forced 
to fit theories. 

In virgin country, untouched by human activities. 
Nature’s indicators of sub-soil water are more easily traced 
than in inhabited areas. Notwithstanding, these natural 
guides must not be overlooked. Richer luxuriance of 
foliage during the hot season and longer retention of leaves 
are sure indications. In uncultivated lands it is frequently 
possible to trace the line of some water-bearing fissure by 
the increased vegetation. 



Growing crops of jawari often give excellent indications 
by spots of excessive luxuriant growth which muSt not be 
overlooked. Natural history also plays its part in helping 
the searcher. Swarms of gnats and white-ant heaps tell 
their tale. 

Ground mists are an important line of observation. In 
the Wimemra plains of Viftotia in Australia the ripplmg 
effefl: often observed by surveyors, caused by the variable 
refradion of light due to evaporation, ate the subjed of 
scientific observation, resulting in the discovery of sub- 
surface flows in channels traversing the primary rocks.* 
In more arid regions surface efflorescence is a feature to 
be carefully noted. 

The genera] topography of the area is of course a vital 
gtudy, combined with the geological conditions, but, as 
Slated elsewhere, the configuration of the underlying rocks 
may bear no relation to the sutface contours of the overlying 
soils (Figs, n and 12 pages. 72 & 76). Carefully noting the 
depth to water from surface in all neighbouring wells is an 
obvious necessity. 

In this sedion it is unnecessary to deal with the geo- 
logical side of the question, for that is treated elsewhere. 
The following are the chief geological features which es- 
pecially affed underground water-supply. 

Faults and Dykes, see pages JO, 76, 77, Figs. 10, 12, 13. 
Hollows and pockets in weathered igneous and meta- 
morphic rocks, page 72, Fig. ii. 

Old river courses and alluvial beds.\ 

Alluvial areas and sandy river beds. J ® 

Besides observation and dedudion, a natural gift of 
common sense is also necessary in locating water. To 
mention that in general, wells should be sunk in low ground 
instead of high ground, because the natural drainage is in 
the diredion of the low ground, would seem too obvious 
to mention, but yet the writer frequently sees the reverse 
being done, with no ostensible objed. However, as 
Stated above, this rule does not always nold good and sur- 

* A. S. Kenyon, Ptoc. AuSt. Inft. Min. and Met. Aug. 1928. 
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face configuration may have little influence on the sub- 
surface water supply. 

The work of the water prospeftor entails the keenest 
Study of nature in all her aspefe. To moSt, the ever chang- 
ing, never failing, loveliness of nature, is the chief delight 
and her all sufficient beauty satisfies them. To the water- 
seeker, however, she must tell her Stoiy’-, a Story re-written 
like a palimpsest, a Story which he can but dimly read, but, 
must ever Strive to decipher mote clearly. But even that is 

as an outward and visible, shadowing forth an inward and 
invisible. For those to whom that vision comes their 
work lakes on a spiritual exaltation, they have seen. 

Gleams like a flashing of a shield ; the Eartb*s 
And common face of JNature speak to them 
Kememherahle things,'* 

Driberg in his “ Savage as he really is,” clearly 
shows that the savage never meddles 
Water divining, with magic, except in relation to those 
subjefts which he does not understand 
the why and the wherefore. A moment’s thought will show 
that we who claim to be civilized have not risen much 
above this Stage. Buckle* rightly says that, “if we 
compare the different classes of society, we shall find that 
they are superstitious in proportion as the phenomenon 
with which they are brought in contafl: have or have not 
been explained by natural laws.” Meteorology, as a science, 
being Still in its infancy, and the laws which govern winds, 
rains and Storms, being in consequence Still uncertain 
faftors, it is only natural that the sailor and especially the 
deep-sea fisherman, who has to deal with other unknown 
laws controlling the migration of fishes, are undoubtedly 
the most superstitious of all the various classes of the British 
Nation. All grades of society have been known to show 
obic£tion when asked, at Bridge, to vacate, what they con- 
sidered, a lucky chair. With the improved knowledge of 
mathematics, the modern engineer no longer deems it 
* Civilization in England. Vol. i. 
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necessary to build a virgin into the first course of his ma- 
sonry to ensure the Stability of his dam. Yet, as the science 
of water-finding in all different classes of rocks has not yet 
been reduced to a certainty, the railway engineer calls upon 
the magic services of a diviner and the Agricultural Depart- 
ment pin their faith on a box of tricks. Following the same 
underlying principle, the writer learns, that the Telugu 
villager, to ensure ram, smashes the nearest Government 
of India Trig, point. As each of these States that his 
method sometimes gives most satisfaftory results, they 
will probably continue to use them. 

If all the money that has been spent and wasted on the 
employment of individuals who claim these magical 
powers, on the purchase of patent water-finders, on the 
unmethodical, unrecorded, badly located bore-holes and 
wells that have been dtilled and excavated as the result of 
these magical prophecies, had all been allotted and scienti- 
fically spent by trained geologists, or geologist working 
hand in glove with physicists, probably by now the laws 
governing the existence of water in all different classes of 
rocks and Strata in India, would have pradically been 
reduced more or less to a rule of thumb. In a case on 
record £ zq,ooo was entirely wasted by following such 
advice. The whole question has been reviewed by the 
late Prof. J. W. Gregory and repubhshed in the Annual 
Report of the Smithsonian Institute for 1928.* Nobody, 
I imagine, after Studying that report would place any 
further reliance on this variable gift. 

du Toit, a leading South African Geologist of interna- 
tional repute, with whom the divining tod moves with a 
fair degree of consistency, writesf that he “ has been 
driven to the conclusion that, as a Striftly praftical pro- 
position, water divining generally has been, and is, a failure 
m South Africa. Isolated instances there are of unqueSt- 

* Water Divining by J. W. Gregory (Paper at the session of the 
British Water Work Assoaation, Public Works, Roads and Transport 
Gingress I9a7). 

■f Remarks on Water Divining. South African Irrigation Dept., 
Mag., Vol. n, pp. 35-41. 
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ioned successes by its means, but against these muSt 
be set a much higher proportion of failures.” The 
argument that, in certain instances wonderful successes 
have been obtained by these means is analogous to 
the famous runs of luck at Monte Carlo which are for 
ever remembered and sometimes recorded in song, while 
the daily failures and even occasional suicides are quickly 
forgotten. Should any further literature be required the 
writer commends Mr. Frank Dixey’s book, “ A Pra£Hcal 
Handbook of Water-Supply,” not only in relation to this 
question, but as a thoroughly all-round useful, praftical 
book and one that every engineer and agriculturist should 
have in his library. 

Water Finding Machines . — ^To quote Dixey, “ There is no doubt 
that the needle does oscillate oi swing to one side under suitable 

conditions but they are of irre^ar charafter and may vary 

from time to time at one Station The makers claim that the 

instruments can dete£t eaith curients that pass between the earth and 
the atmosphere and are concentrated along bodies of underground 
water. No such currents are known, and the instruments as specified 
could not operate on the basis described by the makers 

As fat as our Department is concerned the machine 
gave no oscillation at all, when tested round a well which 
has springs giving over 2,000 gallons per hour, but gave 
the greatest oscillations to the north east of a well which 
was dry and which sinking and tunnelling failed to 
improve, du Toit gives mStances where bores gave 
75,000 gallons and 14,000 gallons per day on lands where 
the machine gave no response. 

It must be remembered that the water-table is wide- 
spread and in the kind of country where diviners and wa- 
ter finding machines are moSt successful, water occurs 
everywhere. 

So much for water divining by human or machine aid. 

Even in the present early Stages in the development of 
A- 1- • 1 geophysical methods, valuable indications 
could be obtained of tbe nature of the 
underlying concealed geological Strata of 
an area, which would render valuable indireS: assistance in 
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the location of undetgtound water-supply. Besides the 
E6tv6s Torsion Balance, the single probe eleftrical 
method has been developed and has been usefully employed 
in determining depths at which solid rock for foundations 
will be met. Other ele£bical methods are under investiga- 
tion and may develop into most useful faftors for determin- 
ing underground water-supply, if the expense is not too 
great. 

However, the use of any of these methods, besides 
needmg a highly trained man to conduct the expe ri ment , 
must need the geologist to elucidate the results. So, 
for a long time to come, the question of water fin di n g will 
properly remain the duty of the geologist. 

The location and development of the water resources 
of any country is therefore, undoubtedly the duty of the 
Geological Survey Department, as it is a highly specialized 
task, requiting both training and experience. This can 
best be carried out by a geologist who has made a special 
Study of the principles involved. This fad has now been 
fully realized in all Colonies of the British Dominions and 
in the United States of America. 
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PART in 


Geological Struclures and Weathering 


By the term tectonic is meant in geology the broad 
The teftonic aru£tufal conditions and relations exhi- 


featutcs of the 
earth’s ciuSt 


bited by the stratified and other rock 
masses of which the earth’s cruSt is built. 


A large part of the outer rind of the earth, composing 
the continental areas, consists of Stratified rocks. These 
rocks consist of material derived from the waste of older 


lands. They are formed largely in shallow seas and estu- 
aries where they are deposited in praftically horizontal 
beds. If the earth’s cruSt were Stable, the result of the 
process would be the total disappearance of the land and 
the complete conquest of the sea. The sea is easily able to 
swallow the material of the continents, and would soon do 
so, were it not that earth movements are continually 
afFe£ling tlic relative levels of various parts of the land sur- 
face and the ocean floor. 


The movement of the cruSt is due to shrinkage of the 
earth’s nucleus, consequent upon continual loss of heat. 
Shrinkage of the nucleus develops Stresses in the cruSt ; 
and the ciuSt adapts itself by a process of radial contra6tion 
or collapse and wrinkling, which results in a relative change 
of level at difterent parts of the surface In this way por- 
tions of the earth’s surface which have long been buried 
under the sea and on which large masses of Stratified rock 
have accumulated, become uplifted mto land areas ; and 
so we find land areas are largely built of Stratified rock * 

In the piocess of emergence, whereby a portion of the 
Horizontal dis- sea floor becomes dry land, a large region 
positioflof may be affefted in such a way that the 

aiata. Stratified rocks retain, over wide areas, 

*This opens too big a question to introduce into an elementary 
pamphlet such as this is intended to be. Those leadets vrho would 
hke to Study the latest ideas of IsoStasy with relation to Radioafhvity 
I would refer them to “ Surface Htftory of the lE^rth ” Clarendon 
Press, by John Joly, Sc.D., F.R.S. The beSt review of the whole 
question is to be found in “ Igneous RocJks and their Origin ” by Daly. 
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the horizontal or approximately horizontal arrangement 
under which they were deposited. 



Fig. 8. — ^IlluStiating Dip and Stiike. 

Very frequently, however, Strata suffer some displace- 
ment from the horizontal, as a consequence 
_ Dipping and fold- of the disturbances which have affeded 
ing of strata. them since they were laid down. In 
beds, which are not horizontal, the incli- 
nation of the plane of bedding is called the dip (Fig. 8 ). 
In such beds the diredion of a horizontal line in the 
plane of bedding is called the Slrike of the beds and is 
represented as so many degrees East or West of North, 
e.g. Strike N 3o°W, or N 3o°E. The angle between the 
plane of bedding and the horizontal is called the airgle of 
dip, and is shown on map by an ariow in the diredion 
of the dip with the magnitude of the angle written along 
the shaft =10°/. Examples of the above may be seen at 

Shahabad to illustrate horizontal Strata, and a good exhibi- 
tion of dipping Strata can be seen a few miles nearer Gul- 
barga, juSt before the same beds are overlaid by the Deccan 
Trap. Other instances of both occurrences are visible in 
the Dharwar, Vindhyan and Gondwana series of rocks 
(vide Geological Map). 

Departures from the horizontal arrangement are well 
seen in many mountain regions and the worn-down Stumps 



of such legions, where the Strata have been severely crum- 
pled and folded under great pressure. The resulting 
arrangement of the Strata is various. In some instances 
dome-shaped elevations, in other basm-shaped depressions 
have been formed. Most commonly, however, the folds 
have a linear arrangement and form ridges or mountain 
chains and valleys as the result of weathering and denudation. 



Fig. 9. — Symmetrical Anticline and Syncline. 

The symmetrical linear type of folding is shewn above 
in Fig. 9. Such symmetrical, or approximately symmetrical 
folds are termedi <7/;//V//wj,when they are bent upwards 
as a creSt of a wave, and synclines, when they are bent 
downwards as in the trough of a wave. It is in these latter, 
with suitable Strata, that artesian water is Struck. 





H9itsr fAViJUti 


Fig. 10.— Diagram of Fault-Types. 

Normal faults are due to tension in the Strata. Planes 
Faults frafture are developed with the result 

illustrated in Fig. 10. 

When two normal fault planes dip towards each other 
they yield what is known as a trough fault. If successive 




fault planes di^ in the dite£idon as in Fig.io, above, they 
produce what is called ftep faults. 

The subjedt of faults, and theit cause etc., if fully dealt 
with, would occupy afar larger space than the whole of this 
pamphlet. The writer must therefore refer the reader to a 
text-book of geology for the further Study of the subje^. 
It is sufficient for the writer’s purpose to show that these 
fra£hires in the earth’s cruSt, in some places but small, and 
in other places having a throw of several thousand feet, 
have an enormous influence on the distribution of the 
water contents in the earth’s cruSt. 

Faults are frequently the cause of Strong perennial 
springs, and, if cut in bore-holes, often supply artesian or 
sub-aitesian water. It requires a very highly trained eye 
to discover their existence in igneous and metamorphic 
rocks, but in sedimentary rocks the juxtaposition of two 
entirely different types of Strata often makes their identi- 
fication easier. 

Instead of being fradhired along a simple fault plane, 
rocks are frequently broken by numerous 

Fradure zones, fraftures, through a zone of considerable 
thickness, in which there has been exten- 
sive shattering as a result of cruStal movement. 

In consequence of irregularities in deposition. Stratified 
rocks usually exhibit divisional planes 

Joints. parallel to the bedding, or split readily 

along these planes. In addition to these bedding planes. 
Stratified as well as igneous and other rocks, that do not 
usually exhibit bedmng, show other divisional planes, called 
joints, by which the rocks are split up into quadrangular 
blocks of variable size. 

Joints arise from various causes. In some instances 
they are due to shrinkage. A notable instance of this is 
the columnar jointing in basalt, well depided in the famous 
Giants’ Causeway in Co Antrim. A local illustration from 
Purli, Parbhani Distrift kindly supplied by Mr. R. 
Gregory, C. E., N. S. Ry., is shown in Photo Plate II, fig. 4. 
Another instance of jointing is the tabular jointing in granite 
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and gianitoid gneiss, in consequence of which weathered 
outcrops of this rock assume a form resembling the 
bedded appearance of Stratified rocks. 

Save where solid rocks are exposed on the surface, 
called in geology outcrops, for the moSt 
Weathering. » part the upper surfaces of rocks have 
been disintegrated or weathered and ate 
sometimes termed the oxidized zone. This aftion is 
brought about by various mechanical and chemical 
processes. The former include the expansion and con- 
traction of rocks due to daily and seasonal variations in 
temperature and moisture contents. The latter are due 
to the downward percolation of rainwater and soil water, 
which contains carbonic acid derived from the atmosphere 
and humic acids derived from the soil. These acids ate 
capable of attacking the feldspars and hornblende consti- 
tuents of the rocks, which they carry off in solution leaving 
in situ a porous gritty residue, generally coloured red, 
yellow, or brown, due to oxides and hydroxides of iron, 
which in India is termed mooram. 

Under some conditions, as will be seen later (p. 72 
Fig. ii), the weathering process extends to a great depth 
and wells can be sunk to depths over 60 feet without the 
use of any other tools than pick and bar. Sometimes the 
rock is so disintegrated that the soft and incoherent rotted 
material can be removed like loose sand. In spite of this 
rotting or weathering, the original gtruflural features of 
the rock ate preserved, and in granitoid gneiss, when a well 
is being sunk in the highly decomposed mooram, the 
original fissures and cleavages can be easily and clearly 
distinguished. Sec Photo Plate III. 

The dykes that have been injedted into rock formations 
of all ages and traverse the country, at times rising like 
saddle back ridges from the flat plain, often disintegrate by 
the same process into rounded boulders. These dykes 
are of two main classes, doletite or diorite. Although 
generally found in an unweathered State at a shallow 
* Following Mcinzer, Dixey and Maufe. 
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depth below the surface, diorite dykes, especially, are 
sometimes weathered to great depths. In this connection 
Dixey mentions that in saline areas wells sunk in dykes 
have given sweet water ; but so far, in the writer’s 
experience, he has not noticed such occurrences. 

All the loose materials formed by these processes, 
together with the wearing of the exposed rocks by wind- 
borne sand, are easily washed or blown away, and form soil, 
their bigger members, by constant attrition, forming gravel 
and boulders. This material, when redeposited, forms 
alluvial beds sometimes of great thickness. 

Such is the condition of thmgs going on to-day, but 
it was not always so. Strange as it may appear, there is 
undoubted evidence that, at one period in the world’s 
geological history, an ice age occurred over a long period, 
and glaciers heavily denuded the rocks of this State and 
other parts of India. The result of this glacial period was 
to form the Talchir boulder beds or the bottom beds of 
the Gondwana Series (see Table VI). 

The great outburst of vulcanism in Cretaceous times 
which covered moSt of the State with the rocks now known 
as Deccan Trap, has been specially dealt with later (pages 
89-92) and need not be referred to here. 

Over the surface of both Deccan Trap and other rocks 
of the State is to be found a material which is known as 
Laterite. This rock is the result of sub-aerial alteration of 
the rocks ;;; sttu, mostly due to intermittent rainfall 
and insufficient underground drainage. Laterite has a 
wonderful power of resiaing disintegration. 

Now beneath all this superficial weathered material 
lies prafiically fresh or undecomposed rock. The writer 
does not wish to say that changes have not taken place, 
but no changes comparable with the changes that have 
occurred above in the oxidized zone. 

In sinking a wellmgneissic rock, before such undecom- 
posed rock is reached we may havecome to the water-table. 
But in country where, owing to long series of droughts 
the water-table may have sunk lower, it is not until we 
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excavate thepfaftically un-decomposed tock that water is 
found. In rock of a more or less impervious nature all 
hopes of finding sufficient water-supply now depends on 
joints and fissures, as the rock itself has a high imbibition 
or power to retain its Stored water. This point has been fiilly 
dealt with on page ao. These joints and fissures become rarer 
and farther apart as depth increases and, at a depth of about 
250 feet, the weight of the overlying mass of rock is so 
great that the joints ate not sufficiently wide to allow a free 
now, even under a head of 150 feet of water. A praftical 
conclusion follows. In granitoid gneissic country deep 
boring for water has little chance of success. It means 
Striking one of the open fissures which, mining experience 
proves, are not common. 
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> B.ecen.t. 


fPleiftocene 


Ctetaceous 


TABLE VI. 

Geological sequence of rocks in Hts Exalted Highness the 
Ni^a/n*s State. 

(Rocks in Italics ate potential souices of underground water). 
Recent alluniura : — hlown sand : talus 
at foot of hills : — aoorafn, black 
cotton-soil, Ijiw-level Laterite : ^ 

(water found at iunftion with unaltered I 
rock). 

Older alluvials of Godavaty^ Tungabhadra, 

Ki tshna and BAinia rivers. 

High level laterite : 

(water found at jundlion with unaltered 
rock). Upper, Middle, and Lowei Deccan 
Trap and inier-trappean and ath beds 
Ai yan ] (alternating layers of volcanic rocks 
Gioup total area in State limits j 2,000 sq. m. 

Some highly decomposed layers 
ST^pl^ lar^e quantity of water) 

Kota Malari Beds 
Kanithi Senes 
Panchet Series 
Batakar Series 
Talchtr boulder 
beds 

(Moi§lly sandstones, and shales : all aquiferous, especially 
along lines of faults. Talchir water sometimes a 
little blackish). 

Representative rocks of Carboniferous, Devonian or Cambrian periods 
{Dravidian Croup) are unknown in the State. The beds in theSaltRange, 
Punjab, yielding the Cambrian fossil, Neobolns, are the basis from which all 
other geological firata are compared with Euiopean Geology. 

^ Upper r Lime fiones, Sandstones, 

Vindhyans -j Shales and Congjo- 

Lower ^ merates. 


Upper Gondwanas. Jurassic. 
Middle Gondwanas. Triassic. 


Lower Gondwanas. Permian. 


Parana 

Group 


Cuddapahs, 


Upper j Qiiarhfte, Slates, 


Lower 


Sandstones zsid Ume- 
Stones. 


Pre- 

Cambrian. 


GREAT EPARCHEAN INTERVAL. 


Vedic 

Group 


'i. Newer Granites and Gneisses, (Pe- 
ninsular Complex). Water occurs m 
joints and fissures. 

- 2. Dharwars. Cbloritic and Hornblendic 
Schists, Hamatitie Quarte^ites', and 
hard ttappoid rocks, all vemed with 
quartz reefs. 

water occurs in joints and fissures 


Archaean. 



Introduction to the Historical Geology of 'Peninsular India. 

The Geological Table ovetleaf is but a bare catalogue 
o£ the rocks in their chronological order, occurring within 
the State. The writer feels that some short description is 
here called for to explain the main chain of events in the 
geological history of Peninsular India and to give some life 
and interest to tlds bare table of fa£l:s. In the following 
shoit summary he will endeavour to detail the succession 
of the main important geological events which have led to 
the present surface appearance of the State, The writer 
earnestly hopes that this short introdu£tion may have the 
cffeft of inducing some of his readers to face the dmdgery, 
necessary to the grasp of any science, so that they may 
master and gain a working Imowledge of this very import- 
ant subjeft. Once the imtial effort is made and the elements 
fully grasped, those that take this advice will find it opens 
up such a fresh outlook on the world and scenery around 
them, that they will never regret the effort. 

The Peninsula of India is one of the oldest rock masses 
now exposed on the earth’s surface. There is no existing 
evidence to show that this area has ever been beneath the 
sea since Palaeozoic times. The geological history of the 
Peninsula is quite diStinft from that of the extra-Peninsular 
India. 

The greater portion of Peninsular India, and at least 
one-half of Hyderabad State is composed of what is termed 
the Peninsular Cryitalbne Complex — a family of acidic rocks 
of the granite variety, all more or less similar in composi- 
tion, but chemicallyand mineralogically divisible into many 
sub-types. 

The reader may safely try to visualize out globe as once a 
cooling molten mass composed of 89 elements in certain 
proportions. As a matter of fa£l, for general purposes, 
it may be taken that of the Htthosphere* which is that part 

* Geologists divide our planet into the Atmosphere, perhaps 150 
miles thick, the Hydrosphere, or the shell of water covering about 
three-fourths of the surface of the Earth and which if spread out would 
be about 8,000 ft. thick ; the Lithosphere, or the continental crust and 
the central core which is termed the Endosphere, 
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of the outer crugt of the earth, probably loo miles in depth, 
the surface of which is avail^le for human Study, 98.5 
per cent, is composed of the following eleven elements: 
oxjgen, silica^ aluminium^ iron^ calcium, magnesium, sodium, 
potassium, carbon, sulphur and chlorine. It is the combination 
of these eleven elements under the influence of intense 
heat and pressure which supplies the hundreds of diffeernt 
species of rock loiown to geologists. 

As a simple classification which may help the reader 
to grasp the problem, these rocks of the crystalline complex 
may be divided primarily into three groups, thus : — 
Class A. rocks containing a small proportion of silica, but 
large proportions of magnesium, calcium and iron called 
basic rocks ; Class C. rocks containing a high percentage of 
silica, but small proportions only of magnesium, calcium 
and iron called aetdre rocks. Between these we have 
Class B. of intermediate composition. 


* HolocryStallme m the above table means wholly crystalline, the 
crystals being discernible to the naked eye ; micro-cryStalline explains 
Itself and so does the term glassy. 

Petrology further divides each of these classes accord- 
ing to their crystalline texture, the larger crystals indicating 


Name of 
type 

Class 

Faaes 

Texture 

Component 

minerals 

Gabbro 

A. 

Basalt 

Basic 

Plutonic 

Volcanic 

■^‘Holocry- 
glalhne 
Glassy to 
Holocry- 
^allme. 

Feldspar, Augite, 
Olivine Magnetite. 
Feldspar, Augite, 
Olivine, Magnetite, 
Glass. 

Diorite . 
B. 

Andesite 

Interme- 

diate 

Plutonic, . 

Volcanic . 

Holocry- 

^alline 

Glassy to 
Microcry- 
Stallme 

Feldspar, Augite, 
Hornblende. 

Feldpar, Augite, 
Glass. 

Granite . 
C. 

Rhyolite . 

Acidic 

Plutomc. . 

Volcanic . 

Holo- 
cryglaUine 
Glassy to 
Semi- 
crygtallme 

Quartz, Feldspar, 
Mica. 

Quartz, Feldspar, 
Glass. 
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slow cooling at a depth under, what is termed, plutome 
conditions, and the &ier indicating rapid cooling near the 
surface under volcanic conditions. The table above 
shows these diree classifications combined together witli the 
principal component minerals of each rock type. 

These rocks, geologically, are termed igneous rocks 
and we believe that all of them, as well as many other minor 
types, are derived from the molten rock, magma, which 
underlies the continental crust of the earth and that their 
difference is due to physico-chemical causes, a subjeft too 
complicated to be dealt with incidentally in this place. 

Direddy this earth became cool enough for water to 
condense, disintegration of the then (probably very thin) 
ciua of this eaith commenced and sedimentary deposits 
must have been formed. None of these earliest sediments 
are now recognisable on account of the great alterations 
they have undergone owing to heat and pressure ; but some 
of the schists and gneisses may represent these earliest 
sediments. We know that at this earheSt period this globe 
was far from being quiescent and in Peninsular India and 
elsewhere huge vulcanic disturbances took place, when, as 
in later years, now represented by the Deccan Trap, vaSt 
sheets of lava were extruded and covered the cruSt. These 
earliest lava flows were subsequently invaded, engulfed 
and partially absorbed by the newer intruding igneous 
rocks, which we now call the Peninsular Crystalline Com- 
plex, and have been remelted and altered nearly beyond 
recognition. These primeval lavas are now represented by a 
series of schists andnotnblendic rocks, which are called the 
Dharwar Series. These rocks are found included and folded 
amongst the newer igneous rocks of the crystalline complex 
as denuded Stumps of what muSt once have been a far 
greater exposure. 

Now, taking our Dharwars and Gneisses as the oldest 
rock known to us, it follows that, for every square mile of 
newer rocks subsequently formed a corresponding waste 
or denudation of these older rocks must have occurred, 
and this is very important when we are considering the 



59 


lapse of time required for the formation of any thiclcness of 
Stratified bed. For, we arc forced to the conclusion that 
it must have been these and other fundamental cryStalhne 
rocks which were worn down by atmospheric agencies 
such as arc at work around us to-day. 

The beds which were formed fiom the waste of the 
primitive emSt muSt have been deposited horizontally 
on tlie bottom of the primeval seas in tliick masses covering 
the original rock. This new deposit must again have been 
hardened and consolidated by pressure and heat, and in 
some cases partly and even wholly re-ciy^allized by these 
agencies. Over and over again these sediments were 
uplteavcd and submerged and worn down by fresh erosion, 
tofojm fresh deposits, which again undeiwent a repetition 
of a similat process, thus forming the various Strata which 
wc arc now going to consider. 

A great hiatus occurs in the Story told by the rocks 
between tlic engulfing and subsequent partial denudation 
of the Dharwars and the next chain of events. This period 
is known as the Creat llparchean Interval. 

The next scene in the geological history of Peninsular 
India is a long period of subsidence of a large portion of 
the area beneath what has come to be termed the Pnrana 
Sea. To what otlicr continents India was then joined, or 
what the continental earth masses then were, it is now im- 
possible to say. This subsidence continued, apparently 
spasmodically over a very long period, but of such a great 
length that it was sufiicient to ^low 20,000 ft. of sediments 
to be deposited. An examination of these so-called Pre- 
Cambrian rocks, termed the " Parana Group ” in Indian 
nomenclature, shows that subsidence and sedimentation 
was not always continuous ; so a further time interval must 
be allowed. " It has been suggested that the time interval 
requited for the formation of the Pre-Cambrian rocks is 
probably greater than that required for the deposition and 
formation of all other rocks now fornung the earth’s cruSt, 
perhaps 62 per cent, of the total period which represents 
geological history. These sedimentary and unfossiliferous 



6o 


rocks, later described under Cttddapah and Vindhyan sjSfems^ 
ate composed in the main of limegtones, slates and quart- 
zites. One of the mam interests attached to these rocks is 
the fad that one bed of conglomerates is diamondifcrous 
and it was the diamonds disintegrated from that bed and 
le-depositcd in the alluvial beds along the Krishna river 
that made Golconda famous. (See Journ. Hyd. Geo. Sur. 
Vol I. part 1 ) 

Again we come to a period unrecorded in the history 
told by the rocks. From the absence of evidence of any 
great earth movements which have left these sedimentary 
rocks for the moSt part lying horizontal, it may be presumed 
that a period of quiescence existed. Slight alteration of 
these sedimentary rocks gives support to this idea, but 
other faflors suggest tliat other formations long since 
denuded may once have overlaid them, liven a moSt 
cursory Study of the geology of Peninsular India must at 
once impress any observer with the enormous amount of 
denudation the area has undergone throughout the whole 
period of geological history, and is Still undergoing. 

The scene next portrayed by the rocks, curious to 
relate, is an ice age. Geologists are satisfied that at this 
period of the world’s history, India was part and parcel of 
a continent including Madagascar, parts of South Africa, 
Australia and parts of South America. 

That area of the Pacific, south and south-caSt of India, 
now sprinkled with islands, of which Java and Sumatra 
are the biggest, was a separate large island. The northern 
and southern hemispheres were separated by a girdUng 
sea known as Teilys. This southern continent has been 
given the name of Gondwanaland. The effefts of this ice 
age are visible from Bengal to New South Wales and from 
South America to South Africa. The cause of this wide- 
spread glaciation is Still a matter of controversy. 

The effeA in India was to form a series of glacial beds 
known as the Takhirs. One of the finest proofs of glacia- 
tion at this period in India is to be found within the State, 
at SuUavai inWarangal Subah, andintheAsifabadDiSiridi. 
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Hcte huge boulders carried from afar can be seen and the 
exposed rocks are deeply scored with Slriations caused 
by the grinding boulders dragged by the glacier along their 
surface. 

Subsequent to this ice age certain portions of Peninsular 
India and Bihar and Orissa underwent a period of subsid- 
ence and in the depressions, lakes and marshes were formed 
and a series of sandstones and shales were deposited, the 
lower zone of which is interbedded with coal measures. 
This whole system, including the Talchirs, is Imown as 
the Gondwana Series and is included in the Aryan 
Group of Indian nomenclature. The whole system is 
fossiliferous, the most distinctive fossil being that of the 
leaves of two flora called glossopterh and gangamoptenu 
These plant fossils, relatively rare in Europe, are found all 
over the old Gondwanaland, described above, and consti- 
tute a big piece of evidence in defining the old continental 
boundaries. The uppermost beds of this series are Imown 
as the Kota and Malen beds^ from villages of that name, 
on cither side of the Pranhita River. These beds are of 
great interest, as they contain fossils of ganoid fish and 
reptiles which comieft the geology of India with that of 
South America, 

The next beds that are known tell a like Story of vast 
areas of marshes and lakes in which roamed the dinosaur 
and other cxtinCt reptiles, some of extravagant dimensions, 
1 5 ft. high and with tails 75 ft. long. Dr. C. A. Matley, 
representing ihe Percy Sladen Trust, has this year excavated 
the bones of one of these prehistoric extinCt monsters from 
such beds near Jubbulpore. There is more than a possibi- 
lity that the remains of some of these monsters may be dis- 
covered in this State in the so-called Lameta beds, 
which frequently are found obtruding from beneath the 
series of lavas known as the Deccan Traps. Those officers 
in State Service whose duties lie in those areas, clearly 
shown on the geological map, should especially Study this 
period of Indian geology and keep their eyes open. It is 
quite possible that a chance discovery, properly reported 
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by one of these officets, so that the bones can be extrafled 
by an expert, may lead to his name being included in 
the sele£t band o£ famous discoverers. 

The Story of the catastrophic period when the masses 
of Deccan Trap lava flowed over Peninsular India has been 
fully dealt with later in this pamphlet on page 89, and an 
attempt has been made there to help the reader to realize 
the then prevailing conditions . It is enough here to say that 
these rocks ate of Cretaceous date and form part of ihc 
Aryan Group of Indian nomenclature, and are contermin- 
ous with the rise of the Himalayas. This period saw the 
break up of Gondwanaland, and next year “ S. S. Maba- 
Hiss, ” manned by a technical Staff, is to be fitted out to 
take soundings between Lidia and Madagascar and to 
attempt to demarcate that submerged continent. 

• This brings us now to what is termed the Tertiary and 
'^cent periods, the main interest of which is connefted 
with the evolution of mammals and man’s appearance on 
the scene. 

And how, the reader will ask, have geologists managed 
to arrive at such definite conclusions with regard to the 
thickness of the Strata and its relative age ? To answer 
this question fully requites far mote space than can be 
allotted in this pamphlet, but the followmg bare Statements 
will, perhaps, throw sufficient light on the subjeft to make 
the principles intelligible. First and foremost, it is obvious, 
that m any succession of sedimentary rocks the lowest, 
having been deposited first, muSt be the oldest. This is 
the iZaiv of Superposition on which all our ideas of chrono- 
logy ate based. Dealing with this subjed in the introduc- 
tion to “ The Geology of the Nizam’s Dominions, ” pub- 
lished in 1915, the writer used the analogy of a book, in 
comparison with horizontal bedded rocks. He pointed 
out if a book lies flat on the table, a bird’s eye view gives 
no idea of the thickness, but, if the book is viewed on edge 
its thickness is at once apparent. So it is with bedded rocks, 
which fortunately for the geologist, owing to earth move- 
ments since their deposition are frequently found lying at 
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an angle, or as geologists say, dipping, while sometimes a 
tiver has cut veitical seftions through the beds exposing 
their thickness. But even in such cases the whole thick- 
ness of the series may not be exposed in one locality. In 
one area we may lind beds 4 and further afield 
c, d, and f being obviously a continuation of the 

scries. In such a manner, often after long research, the 
whole series is pieced together, and the total thickness 
cS'timatcd. 

Bui another dilficulty arises, which the Law of Super- 
position will not always solve. Even the mo§t casual 
obscivcr, who has visited the sea coaSt, or for that matter 
a large lake, or lank, mu 5 t have observed that rivers and 
nullahs carrying down the gravel and sediments, as soon as 
the sea or lake is reached, owing to the check to their 
current, deposit their heaviest panicles first while their 
lightest scditncnis arc carried far out beyond the shore 
line. The result is, that, when these sediments are consolid- 
at ccl and again uphoa ved, wo may find one part ot the origin- 
al sea door, which once was sand, altered into sandstones, 
once mud, now appearing as shales, while further afield 
wc may find hinci^Loncs chemically deposited ; and yet all 
these deposits were contemporaneous. How does the 
geologist obtain any correlation in such a case? This 
ques^Uon was solved in 1796, by William Smith, an English 
lingineer, who, in one of the moSt outstanding discoveries 
ever made, which places his fame on a level with that of 
Galileo, Newton or Darwin, discovcied the principle 
regulatin<^ tlic occurrence of fossils. Smith's Vrincipk 
(or the law of organic corielations) is that certain fossils 
arc found in certain systems of rocks and only in those 
systems, never in underlying or overlying systems. This 
has since been tested innumerable times and invariably 
found true. Smith’s Principle, combined with the Law of 
Supeitiosiiion, has enabled geologists to unravel the se- 
quence of geological history of this planet from the earliest 

geological times. 1 1 • i. 

Smith’s w'(^ndcrful discovery, which has caused him to be 

10 
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called the Father of Geology, also opened to us the book of 
the history of life of this planet. Let us for a moment 
forget the Strata and their tcriifying names, but confine 
our thoughts to the fossils included in those beds and the 
species of plant, or animal life they once represented. 
Pakontology^ or the scientific Study of fossils, which really 
only Started less than 200 yeais ago is Still in its infancy, for 
although mote than 100,000 extinft species have been 
found and classified to date, there arc Still vast trafts of the 
earth’s surface whose rocks have not yet been fully examin- 
ed. An example may be cited from a recent issue of the 
“Pioneet, ” where the discovery in Australia of a marsupial 
lion, which existed about two million years old, was reported. 
As our examination ofthc fossils discovered in the beds pro- 
ceeds, it is noticed, that the oldei the beds, the fewer the exam- 
ples of living species are found, so that at laSt in the oldest 
beds only extinft species of life arc represented. Some spe- 
cies such as the scorpion, first found in the Silurian beds, has 
remained praftically unaltered even to-day, but the scorpion 
and two marine shell forms are outstanding exceptions. 
To quote from Huxley’s le£turc : “ On a piece of chalk” 
the fossils prove that from the Cambrian period to the 
present “ the population of the world has undergone slow 
and gradual but incessant changes. There has been no 
grand catastrophe — no destroyer has swept the forms of 
life of one period, and replaced them by a totally new 
creation ; but one species has vanished and another has 
taken its place ; creatures of one type of Strudhire have 
diminished, those of another increased as time has passed 
on. And thus while the difference between the living 
creatures of the time before the chalk (Cretaceous period) 
and those of the present day appear Startling, if placed side 
by side, we are led from one to the other by the most 
gradual progress, we follow the course of nature through 
the whole series those relics of her operations which she 
has left behind.” Another point should be borne in mind 
that, although no undoubted fossils are found below the 
Cambrian system, yet the fossils found in those beds re- 
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present such highly developed forms of life that they in 
themselves are dear proof of a long antecedent period of 
life on this planet. In Pre-Cambiian, sometimes classified 
as Arcbeov^oic (primitive life) and 'Proterozoic (early life) 
rocks, owing to heat and pressure (metamorpbism) nearly 
all fossil remains have been obliterated, but certain speci- 
mens have been discovered which some geologists claim 
to be remains of primitive aquatic and marine life. The 
table below, after* T/je by Edward Greenly, (Forum 

Senes, price yd. ) which the writer commends to all his 
readers, tells the tale of the evolution of life on this earth. 


Rocks grouped Rocks grouped 
by ERAS by EPOCHS 


NEOZpiC 
(new life) 


^ Holocene. 
(Recent) 
Pleistocene 
< Pliocene 
Miocene 
Oligocene 
^ Eocene 


First loiown appearances 


. Man 
. Man? 

. Anthropoid Apes 

. Placental Mammalia, 
First Still-living species 


MESOZOIC 
(middle life) 


r Cretaceous 
Jurassic 
l^Triassic 


. . Flowering Plants 
. . Birds 

. . Non-Placental Mammalia 


PALiEOZOIC 1 

(ancient life) | 


Permian . . Reptiles 
Carboniferous . Amphibia 


Devonian 

Silurian 

Ordovician 

Cambram 


First Vertebrates (Fishes) 
scorpions 

First Land Plants and 
Animals (Inserts). 
Brachiopoda, Lamelli- 
branchiata, Crustacea. 


PRB-CAMBKIAN SYSTEMS. Possible trains of 

aquatic life 
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To close this Intfoduftion, a woi*d muSt be said as to 
geological time. Hete we enter the realm of uncertainty, 
but the peiiod we have to contemplate muSt be immense to 
allow for the 25 miles, which is a fair estimate of the total 
thickness of sedimentary rocks composing the cardi’s 
crust, to have been deposited, not counting those beds 
whidh may have been deposited and entirely obliterated by 
subsequent dismtegration and so for ever loSt. 

The suggestions, made thirty years ago by Kelvin and 
Tait, that 10 to 20 millions of years were necessary to ac- 
count for this have broken down since the discovery of 
radio-adivity. Calculations made from the rate of change 
in the composition of certain radio-adhve rocks suggest 
a period approaching, perhaps exceeding, 1,000 million 
years. However, this method of calculation is in its in- 
fancy and it is advisable to withhold any judgment. Re- 
servation, however, is not withheld on account of the enor- 
mous length of the period, for calculations based on 
recent physics and Stellar astronomy have suggested periods 
appioaching 10,000 million years, but before such a figure 
the mind reels. Schuchert, a great authority, accepts the 
estimate of 500 million years which is based largely, but 
not wholly, on radio-a£live evidence. Knopf, another 
leading authority. States that the data based on radio-aftiv- 
ity indicate the ratio of time requited for the deposition of 
Neo:(pic (new life) to Mesot^oic (Middle life) and Pal(eof!(pic 
(ancient life) is as i ; 2 : 5. This ratio would require 
that one foot of sandstone would be deposited in 450 years, 
one foot of shale in 900 years, and one foot of limestone 
in 2,250 years. 

This must conclude the summary of the talc written 
in the rocks of Southern India. Within its pages are to 
be found some chapters of the great book of life, though 
many of the pages and whole chapters ate missing. We 
can read the Story of this earth when it had only juSt passed 
beyond its molten State though these earliest chapters arc 
faded and indiSlinft. But throughout the tale we read of 
endless metamorphoses between land and sea, deposition 
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and disintegration, without haSte, without reft, and one 
awful Story of a catastrophe which temporarily obliterated 
all life from a large area of the whole peninsula. 

Turning this Story into song, truly did Tennyson write 
“ The lulls are shadows and they flow 
From form to form, and nothing Stands ; 

They melt like mists, the solid lands, 

Like clouds they shape themselves and go*” 

The lollowing is a list of some of the wonderfully cheap books 
on Geology, now available, wiitten by the best authors, all of which 
aie Strongly recommended • — 

Gregory, J. W. — ^The making of the Earth, Home University Series 
Do The Geology of To-day. Seeley, Service & Co., 

London. 

Holmes Arther. — The Age of the Earth. Benn’s Six Penny Lib- 
raiyNo. 102. 

Hawkings, H. L. — The Restless Eaith. Routledge, Introdu<£hon to 
Modern Knowledge, No. 10. 6 d. 

Greenly, Edward — The Earth. The Foium Series. 7 d. 
Woodward, H. B. — Geology Popular Science Series, i s. 

Cole Grenville. — ^Rocks and their Origins, Cam. Man. of Scr. 
and Lit. 

BonnbYjT.G. — ^The work of rain and liveis. Cam.Man. of Scr. 
and Lit. 

Bonney, T. G. — ^The Sttufhire of the Earth. The peoples Books. 
T. Nelson, Edinburgh. 
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THE AKCHMANS 

For the purpose of this pamphlet there is no advantage 
in differentiating between the Granitoid Gneisses and the 
Dbarwars* both of which will be classified under the 
term of Archmn Crjlfalline Complex. The Archceans 
colleftively comprise about half of the area of the 
Dominions . They will be dealt with here only with regard 
to their several chara£teri§lics on which their water-bearmg 
qualities depend. 

The CiyHallm Complex viewed from this angle may be 
fairly divided into : — 

1. Bosses of granitoid gneiss and massive horn- 

blende rocks impervious to water and prafti- 
cally without joints and fissures. See Photo 
Plate I, Fig i. 

2. Gneisses, schists and quartzites of all varieties, 

impervious themselves, but highly fissile and 
jointed. 

3 . Fine and coarse-grained highly sihceous rocks with 

a laminated appearance, technically, described 
as compadt quartzose grey gneiss vemed with 
acidic Stringers and illustrated in Photo Plate 
IV, Fig I. 

4. Intrusive dykes, and quartz veins. ( Photo Plates 

IV, Fig 2. ^d m. Fig 2. 

A complete geological and petrological description 
of these rocks wiU be found in Vol. I, Part i and Vol. II, 
Part i of this Journal. 

The term. Granitoid Gneiss, is used rather than the ordi- 
nary term Granite, not in any pedantic spirit, but purely 
for the reason that it helps to describe the nature of the 
rock in question. Techmcally speaking there are very few 
instances of true granite witlain the State. 

The term Gneiss is a very old word used by Saxon 
miners, and has had rather a loose geological usage. It 

* The Dharwar series, as far as it has tieen mapped is shown 
on the accompanying map. However, other areas arc known to 
exi^ ID Nirmal, Nizamabad, Karimnagar and Nalgonda taluqs. 
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was originally applied more particularly to laminated rocks 
having the composition of granite, : quartz, feldspar 
and mica. They were originally supposed to be an altered 
sedimentary rock. For the purposes of this pamphlet, 
gneisses may be described as banded metamorphic rocks 
whether originally of igneous or sedimentary origin. The 
bands of these rocks are mineralogically unlike and consist 
of interlocking crystalline mineral particles which for 
the most part are large enough to be visible to the naked 
eye. The bands may vary in regularity and in thickness 
from a decimal of an inch up to many inches. 

The term ScljiH like gneiss has also a loose geological 
usage and has been employed in a dual sense to cover 
Strudhire and mineral composition. Following Van Hise 
in the definition of gneiss, schist in this pamphlet is defined 
to include those metamorphic rocks, whose individual 
folia are mineralogically alike, and whose principal minerals 
are so large as to be visible to the naked eye. The defini- 
tion is uniform with that of gneiss and slate, into either of 
which schists may grade. For this reason no hard and 
fast line can be drawn between schists and gneisses, and, 
by becoming finer in grain and texture, the schiSts may grade 
into slates. 


A word must be said here with reference to the meaning 

TVT of the term Metamorplnsm. The term 

Meumorplmm. ^ ^ ^ 


was introduced by Lyell to express the changes of sediment- 
ary beds to slated quartzites, crystalline limestone etc. 
Later, it was extended to cover the development of gneiss, 
schists and slates from igneous rocks by heat, pressure and 
recryStallization, and it is in that sense the term is used in 
this pamphlet. 

For the general Study of the rocks of the crystalline 
Weathering of complex from the water-finding point 
cryftaDine of View, it seems to the writer that the 

rocks. most useful thing an engineer can do is 

to Study the exposures {outcrops), of these rocks or 
examine their sedions in quarries. He can take it for 
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gtanted that the gtm£hifal conditions below gtound are 
identical to those conditions now exposed on the surface. 

Plate VI gives a Hypothetical Seftion from S-W to 
N-E across Hyderabad State, indicating the chief rock 
types. 

Now, in all the rocks of the crystalline complex, save 
in their highly weathered and disintegrated remnants, 
the rocks themselves are, as we have shown above, so 
retentive of their Stored water that they are useless as a 
water-supply. So, from a water-finding point of view the 
joints, cleavages and fissures in these rocks muSt be the 
main objefl: of out Study. 

The gramtoid gneisses throughout the State have 
generally three main cleavages. The biggest vcilical 
cleavage seems to run roughly in a northerly and southerly 
dire£bon. There is a second cleavage more or less at 
tight angles to this, and there is a horizontal cleavage 
alane at very ftregulat intervals. The result of these 
olanes is to split up the totk, on weathering, into rhom- 
boidal boulders. These cleavages occur at intervals, 
and their effed is illustrated in Photo Plate I, Figs 2 & 3. 

It is along these joints that the rain water, or soil water 
attacks a mass of granitoid gneiss, causing a rotting of the 
joint surfaces which is naturally moSt effeftive at the corners 
where two surfaces meet. This process is going on contin- 
ually underground. By this means a redangular block 
of granitoid gneiss tends to become spherical in shape. 
This weathermg adion produces the piles of heaped up 
boulders so common in these Dominions, which look at 
times like a pile of monstrous bricks untidily left lying 
about m a playground by some wayward baby giant. See 
Photo Plate I, Fig. 3. 

Some gneissic rocks are veined with highly emshed 
quartz veins which ad as water channels. These network 
of cracked and broken quartz veins traversing the gneiss 
often occur over fairly large areas. Wells sunk in such 
localities often give big supplies of water. See Photo 
Plate HI, Fig. 2. 
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As Stated above, the undergtound conditions are fully 
illustrated on the surface, and there are as many bosses, like 
Moula Ali or Bhongir, see Photo Plate I, Fig. i. lying 
as yet unexposed beneath the surface. But a careful 
examination of these bosses will show that, although 
weathering has now removed all the onion-like sldn which 
once surrounded them, at one period in the world’s history 
their surface was not unlike the weathered tors you see at 
Lingampalli. This is another proof that mere depth is not 
the decisive fadtor in finding water. As you go deeper the 
fradhires and joints become less and less, and further apart, 
and mining has proved, that, save in exceptional cases 
after 250 ft., springs of water are exceedingly rare. 

Under certain conditions granitoid gneiss is weathered 
into what Engineers of the Public Works Department 
classify as rocky mooram and which extends to very great 
depths. The Well Sinking Department have sunk many 
wells in mooram, down to even 50 ft., in which no solid 
rock was encountered, the average water-table being 25 ft. 
from the surface. Weathermg of rocks has already been dealt 
with more fully on page 52, but it is necessary to mention 
here that hjdratioju or the assumption (acquisition) of 
water in crystalline rocks, is one of the greatest causes of 
dismtegration. The hydration which results m forma- 
tion of hydro minerals involves expansion in volume 
and liberation of heat. According to Van Hise the 
increase in volume, may increase as high as 160 per cent., 
but commonly the increase is less than 50 per cent. 
Although hydration involves mcrease of volume, the 
rocks do not find room to expand. Engineers, en- 
gaged in well sinking, or tunnelling have noticed, how 
sometimes apparently fresh rock, when brought to the 
surface, exfoliates and crumbles rapidly. This is because the 
rock, whose minerals are partly, or wholly hydrated, is 
under great Stram whilst underground and direftly the 
pressure is released it disintegrates rapidly. This adion 
should be carefully watched, else it may be found that 
apparently solid rock, intended as the ledge, or as the 
11 
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pemaneQt fmure walls of a well, may in a few weeks 
exfoliate and crumble to pieces. 

Reference has already been made on page az to basins 
of soil bolding large volumes of water. The individual 
members of the gneissic complex do not decompose uni- 
formly with equal facility. Owing to their composition 
a large lange of rocks, which may be technically defined 
as actdic binary frequently weather to a great 

depth forming deep hollows for holding big potential 
sources of underground supply. 


A w u 



Fig II above, illustrates this possibility and it will be obvious 
that veils sunk at A and B will give a fai greater supply than that 
sunk at C. This explains the reason why wells, often close together, 
give such variable supplies. (Coarse binary pegmatoid gneiss is a 
variety of acid binary gneiss.) 

The occurrences of tnese bands of highly decomposed 
rock are far from rare m the Raichut Diftrift. In this 
treeless country, the writer has so far found no key by 
which to deteft their presence below the mantling soil. 
Examination of irrigation wells throughout the Crystalline 
Complex area of the State will show that generally the moSt 
prolific wells havebeensunkinthistypeofmatetial. Owing 
to their origin they are closely intermingled with the other 
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members of the Cryglalline Complex. They sometimes 
extend over wide areas. It would appear from the evidence 
to hand that mo§t of the area between Kurkundi and Nar- 
bundi along the Hutti-Sirwar road, a distance of 4 miles 
(see Geological Map) is mostly occupied by these decom- 
posed locks. Their range north and south is not known. 
Anothet area has been noted to the eaSt of Raichur with 
Vedvatti village about the centre. The total area is 
unknown, but examination suggests that between this area 
and the Krishna river lies a band of impeimeablc grey 
gneiss which adts as an underground barrier checking the 
sub-surface flow thus damming back a large underground 
supply of water. The writer has suggested to Govern- 
ment that this area should be prospered as he has great 
hopes that it may cheaply solve the Raichur town water 
supply. It is the existence of such bands of highly ab- 
sorbent material that may qmte upset the calculations of a 
water prospedtor. Normally it would be in the lower 
slopes of a valley that the greatest volume of underground 
water would naturally be expedted. It has been hinted 
before that this is not always the case, for as in the case of 
Vedvatti, eaSt of Raichur, the upper slopes of the valley 
are underlaid with highly decomposed rock holding large 
potential supplies of water, whereas the lower slopes are 
underlaid with fine grained impermeable grey gneiss, whose 
only yield of water can come from its joints, which in that 
class of rock are relatively small and rare. 

The following description given by Ellis and Lee in 
U. S. W. S. P. No. 446, is very applicable to the grani- 
toid gneissic rocks of Hyderabad State : — 

“ The moil impoitant source of ground water in the highland area is 
the residuum or, as it is commonly called, the ‘ decomposed granite,’ 
{moora/n) which covers the bedrocks in all the highland basins and occurs 
more or less generally throughout the area. This material consists of 
small lumps or grains of the original cryStalhne rocks that have been dis- 
integrated by the removal or alteration of some of their mineral const- 
ituents. The disintegration is moSt complete at the surface, where in 
many places the rock has been completely reduced to soil, and it de- 
creases gradually from the surface downward until, at depths rangme 
from 3 feet to more than 100 feet, it merges with thoroughly indurated 
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rock. Granite is one of the mo§t caf jly altered ciyStalline rocks and 
is the most prevalent rock in the area, so that by fai the largest part of 
the residuum is derived from granite. 

“ The poiosity of the residuum varies greatly, as it depends upon 
the degree of disintegration, which is sub]e< 3 : to wide variations, both 
vertically and hoii2ontally. In one place, fot example, a well may be 
easily dug with a pick and shovel to a depth of 50 feet 01 more, whereas 
in another place only a few lods distant blasting may be necessary at a 
depth of 15 to 20 feet. But, as a rule, the residuum is sufliaently 
porous and disintegrated to afford Storage for water. There arc many 
rock basins which are nearly watertight and contain considerable dis- 
integrated material in whidi water is Stoied. Groundwater may be 
drained from a large area by sinking wchs through the decomposed 
rock and digging tunnels or boring holes at right angles to the slope 
of the surface. 

“The yield of wells has been found to range under different condi- 
tions from very small quantities to as much as 1 50 gallons per mmute. 
The smallest yields aie obtained from wells without lateials, in shallow 
decomposed rock or in unaltered rock, on upper slopes or in small 
ravines, or in othei places where conitions are not favourable for 
large absorption , the largest yields are obtained from wells that pene- 
trate residuum of consideiable depth, that are provided with lateial 
tunnels and auger holes, and that are situated in valleys irrigated with 
water from an outside source. In general, it may be said that the speci- 
fic capaaty of the be^t wells in residuum is about 8 gallons a minute 
per foot of drawdown, that for many wells it is as low as i gallon 
a minute pei foot of drawdown, and that for the poorest wells it is 
much less than i gallon/' 

F. G. Clapp, in U. S. Geol : Sur : Watet-supply Paper 
223, endeavoured to obtain some data as to the success 
of wells in crystalline rocks. He found that, in the case 
of bored wells drilled in the Maine granites, 87 per cent, 
were successful, but, out of 72 producing wells, only 3 
yielded over 50 gallons per minute. The data also shows 
that out of 40 wells, drilled to a depth of betvreen 50 and 
100 ft., 95 per cent, were successful, but the percentage 
of successful wells decreased with depth. 

From the returns of the Mysore Well Boring Section 
of the Department of Industries and Commerce for 1929- 
30, we find the average yield from 22 holes drilled to an 
average depth of 107 ft. was 459 gallons per hour. This 

* ‘ Djaw-dowu.* Foi explanation, see Testing the yield of wells, 
p. 149; 
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excludes the failures. If the three holes giving over i,ooo 
gallons are excluded as a fair set-off, the average yield per 
hole is 298 gallons per hour. ^ 

Below I give a table from du Tort’s Bore-hole water- 
supply in tlie Union of South Africa, Proc. S. A. Soc. 
Civ. Eng. 1928, which tells the same tale 

TABLE VU. 


Tabular List of Means 


Area 

No. of 
holes 

Total 

depth 

Depth 

of 

water 

Water 
rises to 

Daily 

foot- 

age 

Annual 

rainfall 

Yield in 
gallons 
per diem 

Percent- 
age of 
failures 

Old Gramte. 

Pretoria Jo’burg 

62 

136' 

70' * 

37' 

6-j' 

28' 

20,000 

14 

Northern Transvaal .. 

497 

136' 

1 12' 

73' 

67' 

21* 

21,500 

25 

RuSlenburg S-Weftein. 

130 

201' 

170' 

133' 

57' 

22* 

16,900 

50 

Tiansvaal 

404 

122' 

83' 

46' 

8-o' 

21* 

23,600 

10 

Mafeking 

Z02 

166' 

110' 

95' 

9*0' 

19' 

19,900 

55 

Vryburg . . 

136 

158' 

1 

119' 

lOl' 

9 * 4 ' 

17* 

IJ.750 

27 

Van Rhynsdorp. 

i6 

184' 

143' 

116' 

6 - 4 ' 

5" 

4,200 

31 

SchHintbe Old Granite 
Pretoria Jo’burg 

ij 

130' 

83' 

52' 

8*3' 

30' 

47.500 


Kraaipan sy^m 
Mafeking 

35 

178' 

132' 

109' 

10*3' 

18* 

11,300 

37 


All these fads show that, as joints in cryaalline rock 
are very irre^ar and their size andfrequcncy of occurrence 
decreases with depth, the chances of a bore-hole 
striking a sufficient number of joints to give a town, or 




Fic 12, above iUuStrates liic PossibiKtics finding water m 
m ilinr rocks It will be seen that A, Strikes no 
Ssmes and is a barren well or bore. B, will have poor 
SSSation. though near toD, whose recupemion Is 
SSviS entered a hoUow in the decomposed rocks. 

C would bf dry till ioint Z was Struck when trata wo^d 
^e to Y. wSlsF andG on the rise sideof the dy^ke 
obtdn ample supplies. G. gives sub-attesian effeOs but 

If a highly schiaose inclined gneiss is ttavetsed on its 

EfFeft of dykes fotmed of clay or latetite both of wmcn 
or imperme- impervious, the water collette under- 

able bars. Jise side of the dyke. Here 

a well or a bore-hole is 
semi-artesian conditions. Vtde Fig. 13 hdo^. 
inftance the writer knows of, to illuarate t^ispoin , 
well in the Station Yard at Ghatkaser, N. S. Rly., mde 12 
from Secunderabad. Tliis well has been 
ally sunk on the “ rise ” side of a cross dyke, and « 
oyerflows after heavy rains, whereas the well sunk in the 
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garden, but a hundred yards to the weSt on the other side 
of the dyke, is dry. The Station Yard well, however, goes 
dry in summer. 



Fig. 13 — ^No. 1 well above would be prolific and certainly over- 
flow after rains, whereas No. a would be useless. 

The well at Mahbubnagar was laid out to tap the 
underground water lying flanked back againfl a dyke which 
forms an impermeable underground dam across a valley 
north of the town.* The Nizam’s State Railway sank a 
successful well to supply LaUaguda Workshops, following 
out the same conditions. These conditions are far from 
being rare, if looked for, but, save in the case of hlahbub- 
nagar, it is not often that they are to be found so ideally 
placed as to be used ior town supply With the prospeiS: 
of flatting an Agricultural Well Sinking Depaitment, where 
the geologifl or engineer is not tied down to any special 
area, a lot of these large underground supplies can be 
tapped. 

SCHISTS-t 

The Dharwar schifls for the mofl part throughout the 
Dominions lie at a high angle. They are geologically 
* The writer regrets, that after his departure for the War, his orders 
to inciease the capacity of the original well by tunnels, were not 
carried out. He is not responsible for its present dimensions. 

t For full description of Dharwar Schifts see Vol. I, pt. i ; Vol. II 
pt. i of this Journal. 
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named according to their prevalent ferro-nugnesian mineral. 
Thus wc have mica schists, talc schiSls, the former being 
recognisable by the mica and the latter by talc which is 
chatafterised by its greasy feel. Hornblende schists and 
chlorite schists, the first harder and of a darker bluish 


green than the second, are sometimes called greenstone 
schists. Another very noticeable schist, forming large 
rolling hillocks in the Raichur and Nirmal Districts, is 
the hxmatitic schiSls which arc recognisable from their 
banded appearance with parallel Streaks of shining specular 
iron, and are frequently highly magnetic. All these 
schists have undergone intense metamorphism and arc 
frequently found highly contorted and bent. On account 
of their pronounced schiStosity a good volume of water 
is found in their cleavages and fra£tures They may be 
considered as a certain source of water at a shallow depth. 

The whole of the crystalline rocks are traversed by 
Dykes and frequent dolerite and diorite dykes, some 
quaitz veins and of them of great length cutting dean 
other imper- through the country and owing to their 
vious intiusive superior hardness, forming long ridges 
which. Stand out conspicuously in the 
landscape. They are more or less wall-like masses of 


rock, formed by the cooling and hardening of molten 
rock material forced upwards into fissures from the 
underlying magma on which the earth’s cruSt rests. 
They are of different geological ages, and in some 
cases the newer ones can be found interseding the older 
ones. Although often highly decomposed on the surface 
into rusty coloured rounded boulders, yet below.at a shallow 
depth, they frequently become solid impervious bars and 
alter the level of the entire water-table of the surrounding 
country.* Very frequently, owing to their tremendous 
heat at the time of formation, they are found to have en- 
tuely altered the rocks forming their flanks, by contaft 
metamorphism which has assisted in making a further im- 
pervious barrier to the passage of water. See Photo Plate 


♦ See Well. F. Fig. 12 p. 76. 



IV, Fig 2. Generally wide dykes will be found coarse in 
crystalline Strufture though finer in texture at the edges, 
sometimes becoming schistose in charafter. Care should 
be taken not to confuse these with ordinary schists referred 
to above. Narrow and thin dykes are generally fine- 
grained. In some instances dykes have decomposed to a 
considerable depth. Sometimes in their rise to the surface 
they force their way horizontally into the invaded country. 
Such horizontal intrusions ate called sills and often 
introduce large bodies of water. Such a sill was met with 
by the Deccan Development Co., when sinking the 
Holman shaft at Manglur Mine, north of (Beydur) Surapur, 
Gulbarga Subah. At this mterse^on point of the dyke, 
at about 500 feet, the shaft was flooded with copious water 
and about 7,300 gallons per hour had to be dealt with. 

In the granitoid gneissic area of the State the 
country is frequently intersedled by dykes running in 
se'veral direftions, though north-we^erly and south-easterly, 
and easterly and westerly courses are the mo§l common direc- 
tions. A very good example of such conditions can be seen 
from the top of Bhongir Fort. If the country is thus inter- 
sefted with dykes, when choosing the site for a well and 
relying on its property of impounding underground water, 
a careful survey muSt fir§t be made of the surrounding 
country to see that there is no other cross dyke on the rise 
side which has intercepted the underflow, and thus limits 
the catchment area. 

Quartz veins varying from an inch up to many feet 
in width are a very common occurrence in the crystalline 
area. A well known example to all “ mulJds ” is the big 
quartz reef which crosses the Hyderabad-Sungareddy 
road, we§t of Kotakpully, from which the glass works take 
their silica. These reefs, like dykes, have the effed: of com- 
pletely dividing the water-level of the country and, where 
they are found to traverse valleys, aft as sub-surface dams 
and Store up large quantities of underground water. 

Besides dykes and quartz veins, many other intrusive 
rocks, such as pegmatites and aplttes* may a£l as under- 
* Coaise aad fine-grained acidic varieties of the granite family. 

12 
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gtoufld batriefs and their intrusion may have shattered the 
gneiss, or gianite at their junftion, increasing the joints 
and fissures and thereby increasing its water carrying 
capacity. In the Raichur DiStrift the pegmatites frequently 
yield saline water, but the writer has not yet heard of this 
occurring throughout the State. Observations on this 
point will be welcome. 

Taking the information gained from wells sunk all over 
4,000 sq. miles in the crystalline complex of the Raichur 
DiSlriQ; the following data is gained. 

Before reading these figures it muSt be remembered 
that these wells had to be sunk as near as possible to existing 
villages, which very often, as a precautionary measure in 
the days of the old Mahratta raids, are perched up on the 
highest land available. So, in moSt cases the Well Sinking 
Department had no scope for seleition of the moSt suitable 
site, but was tied down to find sufficient water-supply 
within a very limited area. 

TABLE Vin. 


Average depth of 383 wells sunk in granitoid 

? "i 1 ? 


gneiss and schistose area 

. . 30 ft. 

Average depth of soil 

. . 15 ft. 

Average depth of decomposed rock 

. . 7 ft. 

Average depth of rock 

. . 8 ft. 

Average level of water-table 

. . 23 ft. 

Average recuperation . . 

. .500 gls 


hour. 


Out of 383 wells 39 wells were sunk in the Dharwar 
Schist area. 

Springs are not uncommon in the Raichur DiStrift, 
especially at the junftion of the Dharwars and the newer 
gneisses. Typical examples are to be seen at Pamankallur, 
Yerdoni and Hira. {Vide Geological Map). Advantage 
could be taken of these conditions to sink wells for large 
irrigation schemes, if only the local inhabitant could be 
shown the advantages to be gained by judicious expendi- 
ture of capital. 
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du Toit finds in South Africa, what is frequently noticed 
in this State, that rocks in areas of low 
Largest under- rainfall frequently yield better supplies 
funX'^iir.r those in areas of good rainfaJl, 

found^in areas of may be accounted for by the fa£l: 

highest finnfiiii that in arid regions the rocks are well 
exposed and only covered with a thin 
porous layer of soil, so that the occasional rains 
can easily penetrate and sink underground. On the 
other hand, in regions of higher rainfall, the rocks may 
be concealed under clayey decomposition produfts which 
hinder infiltration into the underground crevices. This 
latter condition is frequently found under extensive areas 
of black cotton-soil. This class of soil not only a8:s as a 
ma^tosh, but, at its junftion with the unaltered gneiss, 
a highly impervious formation of yellow calcareous matter 
is found developed which praditically prevents underground 
drainage. There is great fear, if such areas are subjefted 
to heavy irrigation, that owing to lack of underground 
drainage the lands may become sour, especially in those 
localities where undergroundwater is saline. (See Journal, 
Hyd. Geol. Sur. Vol. 11 , Pt. i). 

The water from gneissic country is invariably hard ; 

. , the average of 313 samples taken from 

posiUOT sunk in Raichur DiStria giving 48 • 5 

from crystalline degrees. This average hardly represents 
rocks. the case, for the total hardness in the 

samples varies between 4 and 338 degrees. 
The hardness of the water is due to the presence of 
calcium and magnesium salts. At the site of the springs 
at Pamankallur, Yerdoni and Hira, referred to above, at 
the junihon of the Dharwars and newer gneisses, large 
beds of kankar have formed. At Pamankallur mile 10 from 


Lingsugur, on the Lingsugur-Raichur road, the bed is 
25 ft. thick. Such beds of kankar are common throughout 
the crystalline area. 

The following Statement shows the average comparative 
total hardness and salimty (as total chlorine) of waters 
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in relation to the nature of the rock met with in wells in 
the Raichur Doab. One degree of hardness corresponds 
to one part of lime or its equivalent in 100,000 parts of 
water. 


TABLE IX. 



Average 

total 

hardness 

Range in 
hardness 
varia- 
tions 

Average 

1 total 
chlorine 

Range in 
chlorine varia- 
tion 

(a) Hoinblende Schift 
avMage( of 39 
samples) 

Degree. 

47 

Degree. 

z4 to 89 

1 1 

Per cent. 

0-033 

Pet cent. 

O' 004 to 0*096 

(fe) HomogeneouSjSpot- 
ted ox banded gray 
gneiss, (aveiage of 
10 samples) 

35 

24 to 59 

0 

d 

M 

SO 

o'oio to o'036 

(r) Binary acidic pink 
series, pegmatites 
and red syenite 
(average of 40 
samples),. 

43 

6 to 1^4 

0*091 

0*004 0*352 


Note : — It is thus seen tihat the vmtet derived (i) from (£■) is char* 
aflerised by maximum salinity and medium hardness with widest 
variation, (2) from (a) by medium salinity and maximum hardness with 
medium variations, and (3) from (i>) by minimum sahnity and minimum 
hardness with miminniYi variations. 
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In the Raichut and Surapur areas there are large 
areas where the ctySlalline rocks yield 
Saiin^i water. water which is undrinkable owing to its 
salinity. This comes from deep-seated 
springs and not, as it was supposed, from absorption of salts 
by infiltration of the rain water through the black cotton-soil . 

The total saline contents varies up to 2*5° B. As 
fat as the investigations of the Geological Survey Depart- 
ment have gone, these saline areas occur in close proximity 
to the juttfbon of the old Dharwar schiSls, and the newer 
gneisses, and ate especially associated with a dark red syenite 
rock, one of the varieties of the crystalline complex, veined 
with a green mineral called piBacite, (a silicate of alumina, 
iron and lime), called so owing to its colour resembling that of 
pistachio nuts. Another rock associated with the occurrence 
of saline water, is a rock called pegmatite. Pegmatite is a 
variety of granite, usually of very coarse crystallization of 
quartz, feldspar and mica with frequent rarer minerals, 
occurring in dykes or veins in the granitoid gneiss. 
Pegmatites are igneous in origin and are found in dykes, 
sheets, pipes, and irregular masses. 

Hoping that this salinity might only be a surface 
phenomenon and better water might be found deeper, 
tests were made but without success. 

These two rocks in these two diStriQis mentioned 
above, ate liable to hold sahne water, which we beUeve 
comes from deep seated springs . These rocks are known to 
occur all through the crystalline rocks of the Dominions, 
but whether in other areas they yield saline water is not 
yet known. As far as our observations have gone it 
appears that these saline springs only occur when these 
rocks ate in association with the Dharwars. The 
igneous rocks, accordmg to Qarke’s calculation average 
only 0*07 per cent, of chlorine. So, it is not easy to 
account for the high percentages shown in Table IX 
and Table X opposite, unless the theory of dying volcanic 
action is introduced.* Any information on this subject 
For fuller details I must refer the reader to Vol n part i of this Journal. 
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of saline water in the State will be gratefully acknowledged 
by the Geological Survey Department. 

The location of drinfeable water in the saline areas is 
Search for drink- one of extraordinary difficulty. First, 
able water in the rocks ate for the most part masked 
saline areas. a considerable depth of soil, so in 

consequence, the choice of site for a bore or trial 
pit is a matter of entire guesswork. Secondly, even 
if drinkable water is struck in a bore, there is no 
certainty that a well sunk at that site will not cut 
other saline springs and the resulting water be 
thus rendered undrinkable. No rule seems to apply. 
Wells have been sunk not 30 feet from existing sweet water 
wells which have turned out sahne and undrinkable. 
In some cases drinkable wells in saline areas have been 
sunk with apparent success. Owing to the tush to draw 
this water, overdrawing has resulted. The cone of exbaus- 
tton* around the well being too great, saline water from 
some neighbouring crevice has filtered into the well, 
making the well finally useless for drinking purposes. 

The writer came to the conclusion that some unused 
brackish wells in the Sindhnur taluq, beautifully lined with 
ashlar dressed Sone and decorated with carvings, must 
originally have supplied drinkable water. In five instances 
these wells were pumped dry and cleaned out before the 
tains and several times pumped out again so as to allow 
the percolation from the monsoon to wash the accumulated 
salts out from the cone around the well. Each fresh 
recuperation was tested chemically. The result on the 
whole was satisfaftoty as three wells out of the five now 
supply drinkable water. In these three cases there is little 
doubt that during one of the concurrent years of drought 
which affefr the Raichur DiStrifr, the water owing to 
extensive evaporation and msufficient recuperation had 
become unpalatable, and the villagers had Slopped drinking 
it, using the water for washing, etc. Continued years 
of insufficient rain had increased the trouble, so that at 
. * For definition of the term see pp. 147 & 148. 
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lagl the water in the well, when first inspected, had gained 
a high percentage of salinity. 

The wells in Raichur and other towns, which are now 
reported as saline and which records show were once drink- 
able, might be treated with advantage in the same manner. 

The only feasible remedy for obtaining fresh water in 
saline areas is by catching the fresh rain water in sand 
traps or what are called elsewhere sub-surface dams ; these 
are more folly explained on page i6o and Plates, X&XI. 
For further reference see Annud Reports of the Well Sink- 
ing Department for 1538,1339, and 1340 Fasli (1928-29, 
1929-30, 1930-31). 

Pre-Cambrian and Sedimentary rocks. 

For the purpose of this pamphlet the age of rocks is 
of no consequence. But, as we have seen above, it is their 
permeability and struftuie that affeft us. To save space 
it is as well to group together for examination these two 
series of rocks of widely varying age. 

The so-called Lower Vindhyans are represented in the 
Prc-Cambiian. Dominions by the unfossiliferous rocks 
(Unfossiliferons)_ exposed in the valley of the Bhima 
and Krishna rivers, at Cuddapah, at Kumool, around 
Sullavai, in the Pakhal Taluq and in the Penganga valley, 
each series being called after those towns and rivers. 

The Bhima Scries which, Bruce Foote calculates has 
atotal depth of 10,000 feet, is representedin the Dominions 
as under : — 

Very compact “ waxy ” limestones, 

“ Talikot ” beds, grey, cream-coloured, 
blue, purple, pink &c., with some shaley 
beds, some beds are “ lithographic ” 80 ft. 

Purple, red, drab and dark-green 
shales with thin calcareous flags or 
shales near the top. Locally a gritty 
purple quartdte underlies the limestone, 
especially in the most westerly sections 80 ft. — 100 ft. 
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Quartzites, sandstones and con- 
glomerates . . . , 5 ft. — 6o ft. 

The unfossiliferous rocks known as the Cuddapahs and 
the Kumools are represented in the State along me bank 
of the Krishna river. In descending order the beds are as 
below. 

Limestones 

Kurnool Series of the Shales 

Vindhjan SySfem of rocks Sandstones 

Conglomerates 

Unconformity 


1, 200ft. 


Cuddapah SyHem 


Limestones ') more 

Slates I than 

Quartzites f 20,000 

Conglomerates J ft. 


The Pakhals have been subdivided as follows ; — 


1. Quartzites with a few slates . . 700 ft 

2. Siliceous limestones . . ijo ft. 

3. Clay slates and quartzites . . 500 ft. 

4. Grey and fawn coloured silice- 
ous limestones . . 300 ft. 

5. A slaty band, with thick seams 

of quartzite sandstone . . 3,600 ft. 

The Pakhal beds extend in a north-weSterly direftion 
to the Maner river, but in this region the rocks are less 
indurated, the shales more finely gramed and the limestones 
less prominent. 

The Penganga beds in the north-weSt of the Domin- 
ions have been identified by King with the Pakhals of 
the Maner valley, the main difference being that the lime- 
stones have a layer of ribbon jasper and ate found resting 
diredly on the gneiss, the bottom conglomerate bed bemg 
absent. 

Besides these beds, the Kaladgi series of sand- 
stones and conglomerates occur juSt within the boundary 
of the Domimons on the western edge of the Kushtagi 


18 



88 


Taluq of the Raichut DiStiidt, but their area is so ver7 small 
that they hardly need a reference in this pamphlet. 

Along the lines of faults in all these rocks very large 
water-supplies are available. To give two instances, the 
fault at Nagai, m the Bbima series near Chittapur Station 
N. S. Ry., gives a large perennial flow. At Mudenur 
and Hensgi in the Surapur Taluq springs irrigated 124 
and 53 acres respectively. Owing to shortage of rain 
during last 12 years these springs now no longer flow. 

As a whole these rocks give good water supphes. 

At Wadi in the Bhima Senes and in Alampur the sedi- 
Salinitv mentaries give saline water. Some of the 

salinity moSl probably is due to the salts 
leached out of the soil, though there is a possibility tiiat 
the chlorine contents may arise from the connate water 
derived from the Purana sea postulated by Sir Thomas 
Holland. The writer does not know whether any attempt 
has been made to pierce the sedimentaries at Wadi, but 
Mr. Ernest Wilkinson of the Ni 5 :am*s State Railways tells 
the writer that this has been successfully done on the 
Hyderabad-Kumool line, and sweet water has been met 
in the underlying metamorphics. This discovery is of 
great importance. 

Sedimentarj. {Fossiliferous). 

The Ivliddle and Lower Gondwanas are represented 
by a series of thick beds of alternating fossiliferous sand- 
stones and shales, sandstones being m the preponderance. 

The beds below the coal measures. Known as the 
Talchir beds, consists of shales and sandstones with boulder 
beds towards the base, the result of some previous ice age. 

As far as water finding goes, both these series of rocks 
present no difficulty. The water derived from wells and 
bore-holes drilled in the Talcbirs is sometimes very 
slightly brackish, but on the whole all these rocks supply 
beautiful potable water, though naturally in the limestone 
districts the water tends to be hard. 
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When boring in the Batakat series of rocks, on several 
occasions artesian conditions were met with, but in no 
quantity and with no great head. In most instances the 
flow ceased when the casing pipes were removed. 
Although the author never drilled with the idea of obtain- 
ing artesian water, the possibility should not be lost 
sight of. 

During the sinking of the Kothapet shafts by the 
Singareni Collieries Co., 60,000 gallons per day were 
met with. Mr. Andrews the General Manager writes : — 
“ The water was not brought in by faults and was first 
met with at, approximately, the depth of 100 ft., the 
quantity increasing regularly up to a depth of 400 feet. 
In several places, between 100 and 400 feet, large inflows 
of water occurred through crevices or natural openings 
in the Strata, the largest being about 2 ft. in width by 
8 to 10 ft. in height.” 

Deccan Trap and haterite. 

The area shown on the attached map, marked Deccan 
Trap, is the remains of what was once a far greater spread 
of vulcanic lava. Through the course of geological ages 
it has been enormously worn away, for traces of it are to 
be found as far south-eaSt as Rajamundry, showing that 
once probably the whole of the Nizam’s Dominions was 
covered with this vulcanic lava. Stretching as it did at 
one time from Sind, it must have once covered an area 
of at least half a million square miles. Even to-day, in 
its denuded condition, the present existing lava spread of 
Deccan Trap comprises 200,000 square miles and is the 
greatest known spread of vulcanic lava in the world. 
Of the above area 32,000 square mUes lie within the 
State limits. For how many millions of years this vulcanic 
aftivity contmued can only be conjeftured, though it must 
have been enormous as the greatest thickness of these 
vulcanic lavas is now nearly 10,000 fit. 

During the era frequent periods of extended quies- 
cence occurred. These periods were of such a great 
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leagth that the molten lava had not only time to cool, but 
vegetation Started again, pools and lakes wete fotmed, 
normal pond life with its fishes, frogs and vegetation existed, 
and inserts flew over the ponds. All this we know from 
the fossil remains. During this period of quiescence 
disintegration of the surrounding area was in progress 
through rain and other normal causes, and partially filled 
the lakes and pools with mud, burying the discarded shells 
of the molluscs, dead frogs and fishes just as it happens in 
a big tank to-day. 

The Study of these rocks shows that suddenly the scene 
changed, and with awful swiftness, perhaps without warn- 
ing, another vulcanic outburst occurred, and similarly, as 
happened in Guatemala in 1929, a fresh wave of red hot, 
highly liquid lava, rolled over the landscape obliterating 
and burying everything beneath its terrible onrush. 
From geology we also learn that the process of vulcanic 
outburst at times changed from the welling-out of highly 
liquid molten lava from vents, and for a period va§t masses 
of ashes, and scoriae were ejeded, which we now find as 
local interbedded ash-beds between the layers of ancient 
vulcanic lava. 

These periods of quiescence, and periods when ash 
instead of lava was ejeded, as fat as our geological observa- 
tions have shown, occurred locally at intervals throughout 
the whole periods of vulcanic amvity. However, these 
periods were not apparently simultaneous over the whole 
area, so that the occurrence of these ash-beds and inter- 
bedded rocks occur in a more or less haphazard manner, 
and the lateral spread of these beds at times is only a few 
miles in extent. The overlying Trap rock, throughout, 
is more or less similar, save as regards the thickness of the 
layers and the amount of weathering that certain layers under- 
went before being covered by the succeeding nows. The 
examination of the different exposed lava layers, unless 
more carefully Studied, at present is of no help in locating 
the existence of these highly decomposed layers which 
are the great water-carriers of this rock series. 
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I give below a general se£lion of the Deccan Trap 

Lava flows with numetous ash-beds. 
Sedimentaiy inter-ttappeaa beds of Bombay 
with large numbec of fossil vertebrata, aad 
molluscan shells. 

Lavas and ash-beds formmg the thickest part 
of the series. No fossiliferous inter-trappean 
beds. 

Lavas with few ash-beds. Fossiliferous inter- 
trappean beds. 

Sh^t Uficonjormitj. 

Lameta or Infra- Trappean beds, and older rocks over 
which the Trap flowed. 

It is as well to amplify this se£lion as far as our limited 
knowledge goes. 

h'lr. Wadia in his “ Geology of India, ” gives the follow- 
ing type seftion through a portion of the basalts, but un- 
fortunately does not give the locality from which the setflion 
was taken. It shows the relations of the Traps to the sedi- 
mentary intercalations as well as the infra-trappean La- 
metas : — 

1. Bedded basalts, thick. 

2. Qberty beds, lydites, with fossils, j ft. 

3. Bedded basalts, very thick. 

4. Impure limestone, Stratified tuffs, with fossils, 7 ft. 

;. Beaded basalts, thick. 

6. Siliceous limestones with sandstones (Lametas), 
20 ft. 

So much for the technical description of the rocks with 
which we have to deal in Marathwara districts. 

A casual examination of these layers of lava, exposed 
in cuttings and escarpments, shows that they have cooled 
and weathered in very diStinftive and different ways. 

But, before any Start is made in the examination of these 
lava flows, the reader must more fully realize the vulcanic 
process, and it muSt be the writer’s endeavour to explain 
the probable sequence of events so clearly that the reader 
can pradHcally visualize the series of events. 


Upper Traps 
i,joo feet. 

Middle Traps 
4,000 feet. 

Lower Traps 
500 feet. 
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The reader tnuSt attempt to imagine huge, long, deep 
tents suddenly fotming in the old continental cmft ^ or 
Gondwanaland so deep as to give release to the underlying 
magma, the compressed molten lava on which our con- 
tinents re^t, or float. The pressure thus released would 
allow this molten matter to well-up to the surface at a 
temperature of some i2oo°C and pour out like white hot 
fluid metal over the surrounding country. Some cause 
Stops the flow of lava, and, for a period, juSt as occurs to- 
day in the vulcanic areas of the world, e,g., in Japan, 
and at Vesuvius and Etna in Europe, a period of quies- 
cence of unknown and uncertain length follows. 

The thickness of the hot lava that has flowed out from 
the vent will vary in each eruption according to its magni- 
tude and duration. The lava layer wiU cool rapidly an(^ 
owing to its nature, will immediately Start to contraa and 
become fissured. This process would be specially assisted 
if the overheated surface were suddenly quenched and 
chiUed by heavy downpours of rain, which frequently 
accompanies such vulcanic disturbances. The period 
that elapses between the first and the following outflows 
decides the amount of surface disintegration and denuda- 
tion, that each speaal mdividud layer undergoes . 

For reasons, not yet fully explained each succeeding 
outflow of white hot magma is not always of the same chena- 
icai composition and, as Slated above, probably for t^s 
reason, besides others, their Strudute, after cooling owing 
to sudden contraflion, assumes many different aspeds. 

The reader muSt clearly grasp the fad that these out- 
pourings of molten lava did not always Start from the self- 
same vent, nor even from the same locality and, at times 
perhaps, several vents were fundioning at the same time. 
This will account for the reason why in one area we may 
find the sequence in the order of lava layers consistent 
throughout, whereas in another area, but a short distance 
away, the sequence may be entirely changed, though per- 
haps having some recognizable layers in common. 




PLATE. Vll 


HYPOTHEnCAL OlASRAMMAnC PUN OF LWA OUTFUlWS 
FROM 

SEVEN DiFFERENT VENTS. WITH TWO SECtlDHS. 
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In Plate VII, the writer gives a hypothetical, diagrammatic 
plan of a series of supposed lava outflows from 7 vents, each 
overlapping the other as probably might have occurred. 
The reader may take the scale of plan at anything from 10 to 
50 miles pet inch, and understand that the circular areas of 
outflow have no specific meaning, but are purely diagramma- 
tic. It will be seen from the plan and semon that, whereas 
all the traps in area A, foUowan exaft sequence, and do not 
vary except perhaps in thickness, the same sequence can 
occur in no other area on the plan. The sedhon in area 
A ” IS totally different from that of area “ B. ” 

The above resume of the geology of the Deccan Traps 
Undeigfound been given, to enable the general 

water m reader to appreciate the relation of these 

Deccan Ttap lava-flows in their bearing on the under- 
ground water resources. The amount of 
money wasted in unsuccessful attempts at the excavation 
of wells in the Trap-area throughignorance of the geologic- 
al knowledge of the formation is enormous. Even tech- 
nical departments do not seem to realize the absolute 
necessity of understanding the geology of the horizon m 
which operations are carried on, while others rely on the 
uncertain vagaries of a water diviner’s magic wand, or the 
oscillations of a needle sporadically affedled by an unknown 
cause. 

A lay observer is generally perplexed at the fa£t that in a 
Distribution of Trappean area, the distribution of under- 
underground ground water is apparently irregular and 

water m Traps intriguing. He may find, for instance, 

not irregular. copious water-supply at the i8oo ft. 
contour, but, within a short distance, a lower level may be 
quite barren. Such observations run contrary to what 
his notions of the nature and distribution of underground 
water should be, and he trusts to chance and water- 
diviners when he wants to excavate a wcU. 

The distribution of underground water in a Ttap area is 
really quite regular and can be appreciated 
Method of study, understood by a man of average 
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intelligence, if only cateful observation is made. For the 
purpose, an examination of good seffcions exposed along 
nullahs or ghat roads has to be initially made. Then 
detailed notes on all the water levels in wells occurring 
in this zone have to be taken, and a correlation of the 
geological formations with the distribution of under- 
ground water generally supplies a solution to the 
problem 

Traversing the Trap-area at places where good se&ons 
are exposed, it may be seen that they consist of a number 
of horizontal layers, the contaft between successive layers 
being quite sharp. Eadi of the layers is mote or less 
of uniform thiclmess and physical chara£ker over a large 
area. One layer may weathei into exfoliating boulders, 
another may be seen to give rise to columnar jointing, while 
a third may have altered into pink and red mooram-like 
material, loose or compaft, with or without ^oUte^ and 
other secondary minerals, with an occasional remnant of 
pumice, or sponge-like vesicular rock. We need not go 
into the details here, but it may be mentioned that these 
differences in the nature of weathering of the successive 
layers are mainly due to the original physical conditions 
attending each extrusion, such as the temperature of the 
lava, the rate of its cooling, the amount of vapours and 
gases associated with the flow, and to a minor extent, to 
tire slight difference in their chemical constitution. 

The general result of a Study of the Traps carried out 
under the writer’s direftions in parts of 
6 Osmanabad Diftridt may be briefly re- 

lev^ Md°their viewed here, with the objeft of illustrating 
r jassifir a ripn, how the ptoblcm nwy be tackled in a 
Trap area. The writer first of all drew 
some rough correlations of the successive layers during a 
flying tour through the Osmanabad DiStrid and on his re- 
turn, detailed Dr. Mahadevaa, his Assistant Superintend- 
ent, Geological Survey Dqiartment, to investigate his 

* Secondary tninetals deposited by water tnfiltrattnns filling up 
cavities in the original lava. 
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hypotheses further. This has proved corre£l and the 
following details are extrafted from Dr. Mahadevan’s 
report. The country covered in the traverse is mainly 
from i,6joto 2,200 ft. above mean sea-level. 

An ideal vertical se&on, as deduced from observations 
in the neighbourhood of Naldrug, Tuljapur, Osmanabad, 
and Yedsi (see Plate IV), may be given here. 

SECTION.* 

(Highly water-bearing layers are in italics.) 

2,200' — a,i87 Jointed, weathered rock. 

2,187' — 2,160' Ked and pink ^eolitk mooram-liks layer. 

2,160' — 2,142' Jointed compa£t rock. 

2,142' — 2,130' Exfoliating rock. 

2,130' — 2,117' Jointed compa£t rock. 

2,117' — 2,086' Decomposed rock, much jointed. 

2,086' — 2,070' Hardened politic mooram-like layer. 

2,070' — 2,052' Beddedrock, highly decomposed alongjoints. 
2,052' — ^2,033' Moderately compact, bedded rock. 

2,033' — 2,013' Hard compact: rock. 

2,013' — 1,962' Two layers of e^eolitic mooram-ltke material. 
1,962' — 1,943' Compaft, t5rpically exfoliating rock. 

1,943' — 1*930' Bedded rock, highly decomposed along 
joints. 

1,930' — 1,905' Friable^ mooram-like layer. 

1,905' — 1,881' Compact, t3?j)ically exfoliating rock. 

1,881' — 1,856' Hardened ^eolitic mooram-like layer. 

1,856' — 1,840' Massive compafl: rock. 

1,840' — 1,822' Exfoliating rock in decomposed matrix. 
1,822' — r,8oi' Mooram with Stray exfoliating boulders. 
1,801' — 1,770' Two layers of ^eolitie mooram-like Ic^er. 

1,770' — 1,762' Highly jointed, non-exfoliating rock. 
j,76z ' — 1,749' Red mooram-like layer. 

1,749' — 1,740' Jointed bedded rock. 

1,740' — 1,728' Hard compa£t rock. 

1,728' — 1,715' Compaft exfoliating rock. 

*ViJt Appendix IV, Plate XII for this and subsequent Sefdons 
in Osmanabra DiStrift. 

14 



96 

1 ,7 1 5 ' — I »70o' Bedded jointed non-exfoliating rock, slightly 
weathered. 

1,700' — 'Exfoliating rock, much weathered locally into 
mooram-hke layer. 

1,680' — i}66j' Much jointed decomposed rock and mooram-like 
layer. 

1,665' — 1,652' A highly bedded, non-exfoliating rock. 

It may be seen fcom the above that some porous moo- 
ram-like layers lie mterbedded between more compaft 
lava beds. These compaft strata ate extensively jointed 
and ad as a medium of percolation for rain water to lower 
levels. The mooram-like layers, on account of theit com- 
paratively loose texture and greater porosity, aft as reser- 
voirs for the water carl ied down to them. A thick bed of 
mooram has naturally a great capacity for retaining water. 
In certain zones, the mooram layer may be very thin, 
or even absent. In such cases, the more decomposed and 
jomted rock layer which lies above a compaft flow may 
constitute the water-bearing Strata. If the geological and 
physiographic conditions are thoroughly understood, peren- 
nial underground water can be located with a fair amount 
of certainty. 

Examination of various levels* in relation to the distri- 
bution of underground water, as deduced 
Correlation of from a Study of the well-seftions, may 

radetground illustrate some of the above conclusions. 
wSrtcir to sue** 

ccssive flows. Between 2,100' and 2,200' levels, it is 
seen that the layer 2,160' — 2,185' consists 
of zeolitic mooram and tlie beds below this are more or 
less hard and compaft. Aftually the perennial wells 
in Osmanabad town are juSt at about 2,160' level, and 
when a well has gone down to that depth, a good supply 
of water is assured. Ebrahim Sahib’s irrigation 
well, which supplies a centrifugal pump driven by 12 h. p. 
engine, for irrigating a big garden, is excavated in 
zeolitic mooram-hke earth, the bottom of the well being 

• All levels in this paper are mean sea-lcvds deduced from near- 
est G. T. S., pomt. 
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at about 2,160' level. The cool freshwater springs in 
cave No. 2 and cave No. 5, at Lena, a mile and a half north- 
west of Osmanabad, are at about this level, andthe7 are 
said never to have dried up. The perennial wells at Chor- 
khah, 3 miles north-weSt of Yedsi, lie also between 2,165' 
and 2,180' levels. 

The next thick layer of decomposed rock is between 
2,070' and 2108'. The perennial well in Siddhcswar 
temple, a furlong east of Badagaon, near the 5 th mile, 

5 th furlong Stone on Osmanabad-Sholapurroad, is between 
these levels. The well is said to meet the needs 
of thousands of pilgrims who muSter there in the summer 
months for a jatra. The perennial spring by the side of 
Ramling temple, about a mile south-east of Ramling Flag 
Station, on me Barsi Light Railway is situated, in the 
zeolitic mooram layer at this level. 

We sec that below the 2,070' level there are a few layers 
of compafb rock, before the next porous Strata is met with. 
A typical example of this is seen at Tuljapur where you have 
to penetrate through more than 60' of rock before you can 
obtain a good permanent water supply. This accounts for 
the great scarcity of water experienced at Tuljapur. The 
perennial well which supplies water to Tuljapur in famine 
years lies about 6 furlongs eaSt of Tuljapur. This is the 
Pachunda well owned by Mr. Hirachand Guzur. The 
well is 27' deep and the bottom of the well is at about the 
2,000' level and shows zeolitic mooram in the exposed sides 
of the wall. From a reference to the above table, we 
see that the beds 1,962' — 2,013' consist of zeolitic moo ram- 
like layer. In the above well it is claimed that, even in 
times of severe drought, enough supply is had for a centri- 
fugal pump driven by an oil-engine. A good garden 
crop may be seen around this place. The Kapiltirth 
perennial spring, 2 miles, weSt of Osmanabad, jaSt at 
the foot of the tableland, is enclosed by Stone work 
and water flows from a channel irrigating several acres. 
This spring is in the same zeolitic mooram-like layer of the 
2,000' level. 
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Descending further, the next thick porous bed amidft 
the compaft layers occurs between 1,856' and 1,881' levels. 
The perennial well (Gashle’s well) at the foot of Tuljapur 
tableland, about a mile due south of the town, supports 
a betel-leaf garden and is dug in zeoliticmooram between 
these levels. Going lower Still, it is seen that thick mooram 
beds occupy 1,770' — 1,801' levels. A£hially we see that 
most of the flourishing and rich villages such as Sindphal, 
Dekhri andMankeshwar thrive, as they happen to be situat- 
ed between these levels, and tap this perennial underground 
water-supply. The big railway well close to Pangri 
watering Station is also excavated to this level of mooram- 
like earth and yields a constant supply to the two oil-engine- 
driven pumps which are said to work alternately all the 
24 hours. 

^ The levels between 1,700' and 1,770' do not seem to be 
suitable for the Storage of water and the few Straggling 
villages situated between these levels suffer frequently 
from water-famine, but above 1,660' up to 1,700' may be 
seen some thriving centres . Some good wells near Malum- 
bra and Babaji’s well by the side of 20 miles, 2 furlongs Stone 
on Osmanabad-Sholapur road, which supplies water to a 
pump driven by an oil-engine, are situated at these levels. 
The town of Bars! has a number of perennial wells 
for irrigation and domestic purposes between 1,700' and 
1,660' levels. 

From all the above examples, it may be seen that the 
diftribution of underground water is intimately assoaated 
with the geological formations, and it can be determined 
from a knowledge of these, where, normally, to what mean 
sea-Ievd we have to sink, to locate a good water-supply. 

It was pointed out in an earlier para page 92 dealing with 
. . general geology of the Traps that a 

Litmtotions of correlation which works in a particular 
uorteiatton. region need not prove true over an adja- 
cent area. This fadt seems typified from the observations 
made around Parenda. The correlation of the beds 
to the water-bearing strata as observed in the Naldrug, 
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Tuljapu£, Osfflanabad and Batsi areas no longer holds good 
here. We at once see that amorphous silica is profusely 
developed here, giving rise to loamy soil m contrast to 
the black cotton-soil met with in the other area. The 
aquifer in this zone is generally in highly jointed rocks ; 
the zeohtic mooram so profusely developed as water- 
bearing Strata in the other area to the weSt and south-weSt 
does not occur here at the same corresponding levels ; and 
It is very poorly developed between 1,700' and 1,900' 
levels. In Parenda the observer has not the advantage of 
the fine exposures which so greatly help him when examin- 
ing the Osmanabad and Tuljapur Taluqs. The se£tion 
below for the neighbourhood of Parenda has been deduced 
from exposures as seen in wells, and is tentative ; — 

1,900' — i,88o' Jointed rock, in parts exfoliating. 

1,880' — 1,865' Much friable mooram-like layer. 

1,865' — 1,850' Exfoliating rock. 

1,850' — 1,835' Bedded, jointed rock. 

1,835' — 1,820' Exfoliating rock. 

1,820' — 1,780' Jointed, bedded rock. 

1,780' — 1,765' Exfoliating layer. 

1,765' — 1,745' Much jointed weathered type. 

1,745' — 1,724' Much decomposed and jomted rock with 
agates etc. 

1,724' — 1,696' Decomposed and jointed rock, in places, 
with zeolites. 

1,696' — 1,670' Much weathered and decomposed rock. 

The following are the important water-bearing Strata 
in Parenda Taluq and, generally, it may be noted that villages 
thrive when situated above these levels. 

Between 1670' and 1700' levels, a much jointed and 
weathered rock is the water-bearing Strata. When wells 
are excavated below the weathered type, to the compaft 
rock, a good water-supply is assured. Several wells in 
Parenda town exemplify the above Statement. 

At 1,750', a much jointed, decomposed rock is the aquifer. 
The perennial wells in Kandari, 7 miles north of Parenda, 
are situated at this level. 
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Betweett 1,790' and 1,825' levels, highly weathered 
jointed rock contains a good quantity of water and several 
wells between these levels support garden crops. The 
perennial wells at Kukedgaon, Karala, Ekburzwadi and 
Vale, )uft north of Parenda, for example, are found to be 
sunk between 1,790' and 1,825' levels. 

Within every area it is thus necessary to work out a 
local correlation between the various lava flows and the 
nature of diStiibution of the underground water-supply, 
and to determine the extent over which any particular 
correlation holds good. This Study, though imtially 
entailing much labour and careful observation, ultimately 
solves the riddle and saves much money and misdireftcd 
labour. 


The correspondence of the sequence of the beds at 
nearly the same levels over a wide area 
D^s and other g^Qws that, regionally, the beds have very 
dipin these formations. The Traps 
in Osmanabad DiStrid belong to the 
middle series of the flow and the beds show few Sttuftural 


peculiarities. They run for miles in monotonous horizon- 
tality. We have, however, to note that here and there, due 
purely to local causes, the beds may show disturbance. 
These peculiarities are moSdy responsible for anomalies 
observed in such areas. They have to be carefully Studied 
and taken into account when working the correlation at the 
places where they occur. 

Sometimes, sub-artesian effefts ate met with in the Trap 
SuWeskn area when a bore hole is drilled through 
efiFcfts. rhe hard rock at the bottom of a well and 

a highly porous lower layer of Trap is 
encountered. A few such instances may be mentioned here. 

It was learnt thatatBoramani, 8 miles eaSt of Sholapur, 
a 70' bore from the bottom of a well 30' ft. below ground- 
level resulted in a great increase of the recuperative power 
of the well. At Barsi, at the request of Mr. Desai of the Barsi 
Spinning and Weaving Mills, the writer examined his garden 
well where several 5" bores, to a depth of 20' from the 
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bottom of a well 25' ft. deep, gave sufficient sub-artesian 
springs to supply a 4” centrifugal pump running night and 
day, probably giving 10,000 gallons per hour. About 3 
miles north of Parenda, between Khanapur and Bhonja, 
Mr. Nanchand Guzur drove a bore to a depth of 5' below 
the bottom of his well, which was sunk in hard rock to the 
depth of 40'. He reports that a softer layer was encount- 
ered from which water rose in a jet 3' above the level of the 
bottom of the well, and has since afforded copious supply 
for his intensive cultivation. His attempts to put a similar 
bote in an adjacent well also proved successful, but he had 
to go 9' below the bottom of the weE before he got adequate 
recuperation. At Latur, the Gunj well improved very 
much in recuperation when a bore was put down below the 
bottom of the well, but, this well being juft below a tank, 
the pressure muft be ascribed to that cause. 

From an examination of the seftions, it will be seen that 
there exift porous layers ofdecomposed Trap lying between 
relatively impervious layers of the compaft Trap. These com- 
paft bands, however, are highly jointed vertically and do 
not present any serious obftacle to the downward passage 
of rain water from the catchment areas . In fad, these joints 
throughout may be full of water slowly percolating down- 
wards into one of the highly decomposed layers which 
forms the underground reservoir. In these highly porous 
layers, the water gets more or less evenly distributed and, if 
tapped, receives recuperation from the overlying water 
in the jointed rocks. In the absence of any regular dips 
in these Traps, it is suggefted, as a tentative hypothesis, 
that the sub-artesian effeS met with in such places as the 
weU of Mr. Guzur, 3 miles north of Parenda, muft be ac- 
counted for by the mass pressure of water lying above in 
these innumerable joints and feeding the underground 
porous reservoir. If this be the correct interpretation of 
the phenomenon, it seems pretty certain that, whereas there 
may be sufficient hydroftatic pressure exerted by the water 
columns in these vertical joints to produce sub-artesian 
effects in a few inftances, if hundreds of wells were sunk and 
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drilled to tap this porous layer, the amount of pressure 
derived from these joints would soon be exhausted. 

To account for the semi-attesian effects in Mr. Gusiur’s 
well the possibility that the porous bed may, in some way, 
obtain its water through joints fed by some Stream on a 
higher contour in the Bhum Jagir area must not be over- 
looked ; in which case, the pressure being greater, a bigger 
number of wells could be supplied from the same source. 
It is for this reason the writer has Strongly urged His Exalted 
Highness the Nizam’s Government to take all possible 
Steps for conserving the rainfall on the liigher contours of 
all the areas, now marked as “ Famine Zones,” by means 
of small tanks and dams across nullahs, so to increase the 
underground percolation. 

In other cases, such as at Boramani, near Sholapur 
and the well at Barsi Spinning Mills, until further investi- 
gation into this question is made, the existence of large 
local reservoirs, lying at a higher level than the collar of the 
well, must not be overlooked as the cause of water being 
Struck under pressure. In the case of Latur, the Agricul- 
tural Department put down a bore at the bottom of Gunj 
well which lies )uSt below the bund of a small kunta. The 
sub-artesian effefl: is, in this case, certainly due to this 
cause, as the pressure ceases when liie Icunta is diy. 

Our investigations prove that, at varying depths all 
Sumtoarv Deccan Trap area, water lies in 

certain zones. The evidence supposed 
to have been obtained from “ Patent Water Finders ” is 
therefore, proved absolutely uninformative, because water 
at some depth or other exists throughout the region. 

The question, whether it is pref^able to deepen a 
village well, or put down a bore-hole to improve the village 
drin k ing water-supply, appears entirely dependent on what 
depth of bard rock has to be pierced before the next porous 
aquiferous layer is to be met with. Further, it is not all 
porous layers which will give sub-artesian effedts; so, before 
boring is resorted to, this fadt muSt be ascertained. 
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Enough Study has now been made by the Geological 
Survey Department to prove that a correlation of the peren- 
nial water bearing izones with the more porous beds of the 
lavas in the Deccan Traps is quite a feasible proposition. 
Water-finding in a Trappean country can therefore be re- 
solved to a rule of thumb, by careful levelling, once the 
correlation is known, instead of boring and sinking wells 
in the present haphazard manner, sometimes guided by a 
will-o’-the-wisp. Further, our geological investigation 
has upheld the writer’s hypothesis that one rule of thumb 
will only apply within one certain area, but not necessarily 
50 miles away. It will therefore be necessary to map out 
the correlation in zones, and such work will be of the utmost 
importance to the welfare of the inhabitants of Marathwara. 
Although the results from our firSt season’s work in the Trap 
area have been highly gratifying, there is yet not only a 
big area to be closely examined but several problems are 
yet unsolved. It is hoped, to assist this Department in this 
most important inveSigation, that the officials of all 
departments, including the officers of His Exalted Highness 
the Nizam’s Railway and private gentiemen, will aid us 
by keeping careful records of any well, boring or excava- 
tion they make and in the case of boring or well sinking, 
will kindly send us a return on the form given in Appendix I 
to this paper. For further investigation into this subje£b 
see Appendix IV, page 172. 

In dealing with the Deccan Trap area another formation 
Lateiite considered, which in many 

parts of the Marathwara overlies this Trap 
formation, namely the Lafertfe. 

Laterite may be formed from any rock rich in iron and 
alumina ; the laterite referred to here is the result of sub- 
a:rial alteration of the Deccan Trap lavas in situ. Suffice to 
say here, it is caused by an intermittent rainfall, combined 
with insuffiaent underground drainage. 

This laterite forms a sort of clayeiy rock full of small 
holes (vesicules), and has the peculiarity of being soft 
when newly excavated, but, owing to its chemical 
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compositioix becomes hard and compaft on exposure to 
the atmosphere. 

It is not necessary to worry the reader with its chemical 
composition, but the writer would like him to note that, in 
places in India, it assumes the composition of bauxite, 
(aluminium oxide), and is of value, commercially, as a base 
for the eleOro produdtion of aluminium, so that, if bore- 
holes or wells are put down in this rock, samples should 
be sent to the Geological Department for examination. 

It is regretted that the laterite area within the Domin- 
ions has never yet been mapped, so the writer has no 
information to give on this subjeft. It is a piece of work 
which should be done, both from the mineralogical as 
well as the water-finding points of view. 

Very often at the jundbion of the laterite and unde- 
composed Deccan Trap, large reservoirs of water arc met 
with in a lithomarge-like rock or bole^ a sort of transi- 
tional produft. The laterite, being vesicular, holds water 
in its pores and is far from being impervious. However, 
owing to its nature of hardening when exposed to air, the 
writer is apt to conjedture that, old wells may become dry 
through the porosity of the rock, which existed when origin- 
ally excavated, becoming imporous. This idea is given 
merely as a conjefbure worthy of consideration, as the writer 
has had no chance of minutely Studying condition of old 
wells in these rocks which once gave abundant supply of 
water, but have since gone dry. 

The question of locating water, therefore, in the Deccan 
Trap area amounts to this. 

The underground supplies will be obtained from the 
following main sources ; — 

(a) Seepage m the laterite zone. 
lb) Probably bigger water-supply at the jun(aion of 
laterite and undecomposed Trap. 

{c) At each succeeding junfbion of the different layers 
of Deccan Trap. 

{d) In the vesicular Traps and mooram-hke layers oc- 
curring at unknown intervals, referred to above. 
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{e) In the intet-Trappean beds which are variously 
composed of impure limeftones, cherty beds, 
Jydite Stone, and Stratified tujffs in varying and 
uncertain thickness, and at unlcnown depths. 

(/) The sporadically situated Ash-beds, which lie bet- 
ween the junction of the Trap layers at varying 
depths and uncertain thickness. 

(g) At the junftion of the Deccan Trap and the old 

land surface. 

(h) Water from talus beds at the foot of Deccan Trap 

scarps, which is dealt with later in the pamphlet. 

Pleistocene and Recent formations. 

As far as the writer is aware, beyond damming back 
the rain water flowing down rivers and 
Alluvial deposits form irrigation tanks of all 

bed^ siMs, no real engineering work has been 

done in the State as regards pumping 
water from the alluvial beds that frequently he alongside the 
present courses of rivers. Many Streams and rivers 
have changed their courses and their old beds are a 
great source of sub-surface water. Again, rivets have, 
in the course of forming their existing channels, worn 
their way through huge obstrudion, (vide the gorges 
on the Krishna and Godavary rivers). Before these 
obStruftions were cut through, in many places probably 
large lakes occurred in paSt geological time. The 
alluvials which once formed the beds of these lakes now 
form a huge underground water reservoir. The old alluvial 
beds on the north bank of the Krishna in Nalgonda 
Taluq, at Partial, the site of the old alluvial diamond 
mines,* ate good examples. 

The Well Sinking Department have not yet been c^ed 
upon to deal with such sites for agricultural wells for irri- 
gation problems, but, in the ordinary course of their work, 
have sunk several mass concrete cement wells as caissons 

* See “ A History of the Golconda Diatnoad Mines, ” Journal, 
Hyd. Geol. Sur. Vol. I. pt. i. 



near big nullahs and Slteams, all of which have given a 
vety high ratio of recuperation. 

At Maski Dak Bungalow, Lingsugur Taluq, the £ir§t 
mass cement concrete caisson was sunk as a trial, by- 
undercutting, JO yards away from the north bank of the 
Afaski nullah, in probably one of the old loops of the 
Stream. This well is 8' in diameter and 24' deep and 
cannot be emptied by two power pumps each giving 2,000 
gallons per hourj so this well gives ample water to irrigate 
8 acres. Instances can be ated of many other wells sunk 
giving equal capacity and, in each instance, it is quite pro- 
bable that even a higher recuperation could have been 
obtained by sinking the caisson deeper, should there have 
been any necessity. 

Thefaftots governing the work of erosion of an ordi- 
Formationof nary Stream or river arc not out of place 
alluvial beds. here. The a< 9 ual erosion may be divided 

under two heads corrasion and corrosion. 

Water free from sediment docs but little erosive work. 

The corrasive work of a Stream is done 
Crtf fusion. by tlae sediment it catties. This consists 

of mineral matter ranging in size from 
fine clay to coarse Stones, the grains afting like cutting tools. 

The abrasive power of a Stream therdSote depends on 
the rock which forms its bed, its velocity and the load of 
sediment it carries. A swift, sediment-laden Stream will 
cut Its channel with comparative rapidity, but at a diSerent 
rate in different kinds of rock bed ; and, assuming the sides 
and bed of the channel be of equal resistance, the main 
erosive effort will be vertical. A slow moving Stream 
cuts more aftively laterally and docs not deepen its valley 
much. As a result of this the sluggish Stream is likely 
to develop alluvial flats. 

Streams and rivers even with sufficient fall, frequently 
get dammed back owing to the flood waters being held 
back, due to the main Stream being in high flood. The 
writer has seen the Wardha river, at Balharshah, rise 40' in 
one night, simply for the reason that the flood water had no 



exit, the Godavety being in full flood. This happens in all 
smaller ^eams, and frequently small nullahs leading into 
a big river, ad as a backwater leading to the forma- 
tion of alluvial flats. 

The work of solution or corrosion performed by a 

Corrosion. usually of secondary importance, 

except in limeftone. 

A ftream or river will carve out its bed vertically until 

Depth oferosion. sea-level or the level of some 

other body of water mto which it flows. 
This is known as the base level of erosion. Deep pools 
known locally as madgooshscvt probably been scoured out 
by water-falls. 

Once the base level has been reached the Stream begins 
to cut laterally, broadening its valley, and Starts to meander. 
This meandermg leads to loops in which, during floods, 
the outside of the curve is being eroded and the internal 
side is undergoing a course of deposition. These spots 
are ideal for locating irrigation wells. Sometimes the course 
of a Stream becomes absolutely horse-shoe in shape, when, 
subsequently the river may cut through the intervening 
space and Straighten its course. These former channels will 
become silted up, but being Still connedled with the bed of 
the river by the bottom pebWe beds, form large underground 
supplies of water. Thus even a small ^eam may form very 
extensive alluvial, found over a wide area, which only 
requires tapping to supply a very large quantity of 
sub-surface water. 


Quality of Water. 

All water, even carefully Stored rain-water caught o£F 
a clean zinc roof, will never be found absolutely chemically 
pure. Water, whether derived from rivers, tanks, springs, 
wells or bore-holes, always contains solids and gaseous 
compounds in solution. It does not follow, on this 
account, that these waters are not excellent for drinking 
purposes. 
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Rain, m falling, absotbs gases, inoStly carbon dioxide 
Origin of sohds (CO2) from the atmosphere and, in its 
in underground passage underground, absorbs other gases 

and dissolves various salts, formed from 
decomposing minerals and organic matter derived from 
decomposing vegetation. 

The waters obtained from diflferent geological forma- 
tions wiU widely differ ; in faft, water from two wells in 
the same formation, only a little distance apart, can so 
vary that one may be drinkable, the other not. 

The examination of Tables IX and X will show the lai-ge 
Mineral impuri- range of mineral ingredients that water 
ties. may contain. 

Dr. J. C. Tresh has remarked that “the total 
amount of saline matter permissible in a drinking water 
depends, in a great measure, upon the nature of the salts. 
No hard and fast hne can be drawn, but the befit waters 
rarely contain mote than zo grains of mineral matter per 
gallon. When too grains is reached, the water becomes 
rather of a charafler of a ‘ mneraP than a ^potable’ 
water.” 

The more co mm on ingredients are : — 

Calcium carbonate. Magnesium chloride. 

Caldum sulphate. Sodium chloride. 

Magnesium carbonate. Sodium sulphate. 

Magnesium sulphate Sodium carbonate. 

(Epsom salts.) Silica. 

Hardness of water is due to the presence of salts of lime 

Hardness magnesium. According to the 

ttatdness. hardness, foimulatedby Dr. 

Thomas Clark and known as QlarUsScahy each degree 
of hardness is equal to i grain of carbonate of lime pet 
imperial gallon. One grain of carbonate of magnesia is 
equal to about if grains of carbonate of lime. The 
sixth report of the “ Rivers Pollution Commission 1868 ” 
give,! scale in which a degree of hardness is parts pet 
100,000. By this scale the Standard is i lb. of carbonate of 
lime in loo.ooo lbs. of water ==i degree hardness. Each 



degree of hardness indicates the deatu6tion and \va§te 
of 12 lbs. of the beS: hard soap by 100,000 pounds, 
10,000 gallons of the water. 

This scale of hardness can be converted into grains per 
imperial gallons by multiplying the number of parts by 7 
and then removing the decimal point one place to the left. 
Thus, if there be 35.4° of hardness per 100,000 parts, the 
amount would be 24.78° according to Clark*s scale. 

Woodward in his “ Geology of Water-Supply ” notes 
tliat 8° hardness is considered best, but as much as ij° is 
not regarded as excessive, and 16° or 17° is permissible. 
The idea that chalky water is liable to produce goitre, 
or calculus is a fallacy. Enlarged spleens have been prov- 
ed by Lt. Col. Norman Walker, D. M. & S., Nizam’s 
Govt., to be casued by hyper-cndemic malaria and not as 
the villagers thought from drinking certain mineral water. 

Waters may be of either temporary or permanent hard- 
ness. Temporary hardness is due to presence of calcium 
and magnesium bicarbonates ; permanent hardness, to 
calcium and magnesium sulphates. As indicated above, 
the te§t for hardness is the soap te§t. Messrs. Burroughs, 
and Wellcome supply Tabloids for this purpose which 
are most useful for field estimations. Table IX, shows 
the wide range of hardness in the underground waters 
in the crystalline rocks of the Dhatwar and Peninsular 
complex. The Well Sinking Department have, as far as 
possible, endeavoured to supply drinking water below 
25° of hardness ; but, in specific instances, in the saline 
areas where villagers were going two to three miles to 
get their domestic supplies, higher degrees of hardness 
have been allowed and gratefully received. 

Organic impurities may be derived from either animal 

^ . or vegetable contamination. Vegetable 

contamination is caused by vegetable 
matter being allowed to fall into a well and 
rot. Though not dangerous in itself, unless present in 
large quantities, it forms a food for toxic badteria and 



no 


should be kept down to a minimum. Organic impurities 
on the other hand caused by animal, or human pollution 
are always highly dangerous. 

This pamphlet is no place for, nor is the writer compe- 
tent to write on the subjedl of organic chemistry and badlc- 
riology. It is sufficient to say that the presence of nitrates 
and nitiites, if found in any water and, especially if free 
gmmntiiii is detedfced, should be taken as a warning and 
the water at once sent for badterio logical analysis. 

In some books on sanitation the writer has found a rule 
laid down that, for the protedtion of wells, no building, nor 
any possibility of contamination muSt be allowed within 
an area, the diameter of which is calculated as 5 times the 
depth of a well. This is a wise precaution, but by no means 
ensures immunity. The distance that muSt separate a well 
from the nearest source of pollution is dependent on the 
nature of the pollution and whether the pollution has to 
filter through the soil to gain access to the drinking water 
supply or can gain diredt access to the rock, as will happen 
with a cesspool, privy or manure Stored in pits. It is 
also obvious that the geology of the locality forms an im- 
portant faftor in the question. 

This subjedl has been admirably dealt with by various 
authors, with relation to the conditions in the countries 
they are dealing with, to whom I refer below. 

In Hyderabad Slate, when private patties wish to obtain 
a reliable, safe house water-supply, free from contamination, 
irrespedhve of the rocks, on which the property is situated, 
the writer cannot advise anything better than a bore-hole 
fitted with a pump. Even then, the bore-hole should be 
carefully sited and the casing pipe carried to a sufficient 
distance into solid rock to cut oiGf surface contamination. 
Even then, unless proper sanitary precautions arc observed 
m the area, pollution may occur, as illustrated by Weiclman 
and Schultz in Bulletin XXXV of the Wisconsin Geol : 
and Nat : HiSt : given below. As Slated, (see page i zo,) if the 
country permits, nothing is more satisfaftory than an 
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abjssmai?^ ot driven tube well, but such sites are rate in 
Hyderabad Slate, save in the sandy beds of nullahs. 



Fic;, 14. Diagrams showing datit»er of pollution where casing is 
only carried as far as solid rock. Pollution from surface waters may 
sometimes gain access to bore-holes at great depth by means of fissures 
in hard rock (Fig a. after Weidman and Schultz, Fig. b. after Dixey). 

The soufce and quantity of pollution teqnires considet- 
ation. Tn this country manure Stored in pits undoubtedly 
forms ihc^^tcatcgl danger. It muSl be remembered that 
the soil in village areas have for centuries been fouled by 
herding ca<tle, Storing manure and the insanitary habits 
of ihc people. Any hope of obtaining pure water, except 
at a very considerable distance from the periphery of the 
village, js out of the question. Both Haviland and Fuller* 
have dealt with ihe contamination of well water by Stored 
manure and it is obvious that in porous ground, contami- 
nation may extend to hundreds, even thousands, of feet 
Tire wriier’s design of hexagonal and pentagonal mass 
concrete lining, hermetically jointing with the solid rock 
used by the Well Sinking Department, with a good apror 
platform, drain and parapet, (See Plate VIll), supplies i 

* Haviland P. H. Domestic water supplies and sanitation, on th 
Farm. Bull No. 62a, Rhodesian Agrl : Dept. Fuller, M. L. XJndei 
ground waters for Farm use. U. S. Geol, : Sur : W. S. P. 255. 
t6 
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watet-tight lining, shutting off all shallow, siitface, undes- 
itable waters . If such wells are to be conStrufted by parties 
for private use, a cover is desirable and the well should be 
fitted with a pump, a trap-door being left below the pulley 
for raising water by hand. 

It has been found, however, in the Canarese villages 
of the Raichur DiSlrift, that, unless the villagers a£baally 
individually subscribe and pa)' for a pump or hand Persian 
wheel themselves, owing to their careless witless treat- 
ment will not last a month. The Well Sinking Depart- 
ment, have the greatest difficulty even to induce them to 
oil the pulleys on the w’^ells. 

The mineral wateis of the State are very varied in 
contents. At Kinwat, north of Nirmal, a sulphur 
spring exists, while another hot spring is known to exist 
in the bed of the Godavery river at ^adrachclam. 

It is a wonder to the writer that some of these waters 
are not used extensively for medicinal purposes. A 
spring, issuing from the rock in the underground Shivaite 
temple at Umreshwar in Gurgunta Samasthan, Raichur 
piStria, IS reputed to cure leprosy, but a careful analysis, 
inducpag a teSt for radio-aaivity by Mr. McEwan, late 
Principal of the Nizam's College, proved it to have no 
special qualities. 

The Statement, Table XI showing complete analysis 
of water from different wells in several geological areas of 
the State, has been compiled through the kind assiiftance of 
the officers of the Nizam's Railway, lire General Managers 
of Singareni Collieries and the Shahabad Cement Works. 
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tNoTE. This lengthy list of references to works on and relating 
to the Geology of H. E. PI. the Nizam’s State, may appear out ert 
place in this pamphlet. My excuse is, that no such list has ever up- 
to-date been published in any State Paper. I therefore, take tins 
opportunity of making the information easily available. I have to 
acknowledge the Publications of the Government of India Geol : 
Survey Department, from which most of the information was drawn! 
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PART IV. 


Well Sinking 

When, a water supply is requited, to decide whether 
It is best to sink a well or to put down a bore-bole, de- 
pends on the following faftors: — 

1. The depth from surface to permanent under- 

ground water-level. 

2. The nature and hardness of the overlying Strata. 

3. The amount of water which is requited per day. 

4. Rate of yield, or porosity of rock from which 
supply is to be obtained. 

When merely household, or farm water-supply is 
Abyssinian 01 needed and the spot is situated in the 

driven tube delta of a large river ; or in an alluvial 

plain through which a river or Stream 
meanders, and in which the Sluvial is free from boulders, 
or in dry Stream beds, or ancient or modern water courses, 
nothing is cheaper and better than a driven tube well. 

There is much misapplication in the use of the name, 
tube well. A driven tube well was originally patented by 
Mr. Norton in England and was much used in the Abys- 
sinian Campaign of 1868, from which it derived its name of 
Abyssinian wdl. It comprises a series of lengths of tubing, 
fitted at the upper end with a pump and at the lower end 
with a Strainer, through which water is admitted, the Strain- 
er being protefted by a mild Steel driving point. 

The first se 6 Hon, with Strainer and driving point, is 
driven into the ground by a hollow caSl-iron monkey, a£tu- 
atedbypuUeys, and successive lengths of pipes are screwed 
on and driven into the ground, like the first, until water 




PLATE VlII. 



(The Tube [Veil consists of i perfoiated Well Point logcthci with sufficient tube, in lengths 
of 5 feet, with one each of 5 and 4 feet to make up the necessaiy length — ^usually 50 feet. To 
the top of this tube a pump is attached as shown m Fig i, but the type of Pump need not 
necessarily be that shown m iis illugnation 

Fig. 2. This is the cheapest foim and is only lecommended for diiving Tube Wells 
or the 1}/ S12C if the ground is soft. It consists mctcly of a cast iion monkey which is raised 
by hand and guided to fall on the Steel Diiving Cap by the vettical bar fixed through it. 

Fig 3, shows a moic powerful apparatus in which the weight is raised by means of two 
ropes passing over pulleys. This Driving Apparatus can be used in driving tubes up to 2" or 
if the ground is not too haid 

Fig. 4. shows a combined Driving and Withdrawing Apparatus which may be used for 
all sizes up to The method of driving is shown in Fig. 4. For withdrawal of tube, the 
cast iron monkey is used for Stiiking an upward blow againft a clamp fixed to the tube below the 
coupling. 
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beating Strata is Struck. Plate Vni, blocks for which were 
kindly supplied by Messrs Richardson & Cruddas, illus- 
trates the plant. 

The following essential conditions muSt exist to allow 
this patent to be used : — 

I. Strata muSt be soft to allow the driving point to 
enter. 

z. The underlying water bearing Strata muSt be 
beds of sand or gravel with pores large enough to 
admit water freely into the tube through the Stramer, 

The rale of infiltration of the rock to be dealt with is a 
very important faftor in the choice of type of well to be 
used. Where the rate of percolation is slow, the advantages 
of the increased surface of a dug well for increasing perco- 
lation is very big ; whereas, if the rock to be tackled has a 
high recuperative faAor, a bored well would be as satis- 
faftory as a dug well. 

The number of different types of drills on the market 
is verv large. They all come under the 
foEoWmg &ads 

Jet Process. In this process the casing pipes are 
sunk, by forcing water down a small pipe fitted with a jet 
inside the casing pipe, which removes the sand, the 
casing sinking by its own weight or helped by jacks. 
Such a method is only applicable in unconsohdated 
sands. 

Hydraulic Rofaty Process. In this method, the casing 
pipe is fitted with a cutting-shoe and made to rotate and 
the dr ill ings are removed by water, forced down a service 
pipe and coming up outside the casing. 

Ratarj Core Drills. Such drills are sub-divided under 
shot and diamond drills. In the former, Steel shot 
is let down the hole and a£ts as a cutter between the 
rotating drilling shoe and the rock. The resulting fine 
borings arc removed by a powerful jet of water and the 
solid core, cut out by the peripheral cut, is drawn up to the 
surfiice within the tool. In diamond drilling the circum- 



fetence of the cutting bit is set, with bort diamonds, 
altetnately on the inner and outer rims. 



Fig. 15. Percussion Tools. 

Noi 

1. Auger, for clay and stifif soils. 2. Auger— Nose Shell, 
valve for bringing up loose and saturated stuff from bore-hole. 
}. Flat Chisel, for moderately haid ground. 4 V Chisel for 
moderately hard ground, j . T Chisel, for hard and rocky sti^a. 
6. Crow’s Foot, for extrafting broken rods. 7* Spiral Worm, for 
extraaing broken rods. 8. Worm Auger, for loosening stuff m 
bore-hole 9. Spring Hook. 10, Lifting Dog, for raising rods 
II. Tillers, for working the rods. 12. Hand Dog, or Rod 
Wrench. 13. Ten-feet length of rod, with screwed ends. 
14. Short Rod, with swivel top. 13- Tongs, for making the 
screw joints of bore pipes. i6. Sprmg Dart, for drawing pip® 
up from bore-hole. 17. Bell Box, for extrafting rods, in case of 
breakage. 



Percussion DrilHng-Sxxzh. drilling is either done by hand 
for shallow bores, or by power for deeper holes. In either 
case the principal method consists of allowing cutting 
bits of various shapes to be alternately lifted and then 
dropped and thus the rock at the bottom of the hole is 
cut away. The cutting tools may be aduated either by 
rods or ropes, and ate illustrated in Fio-. kindlv Vnf 
by Messrs. Richardson and Ctuddas. ^ 

Each type referred to above has its advantages for the 
. special work for which it is designed 

8<VCS good ifsult 
in homogeneous, fine grained, extremely 
hard rocks, such as granites and quarteites. Should 
however the rock, although hard, be highly fissured, 
the shot and water is loSt and, in such cases, percussion 
or diamond drilling is preferable. There is little doubt 
that the beft plant for drilling would be a combined 
rotary shot and percussion drill, and this, in the hand ^ 
of a skilled driller, should show good progress. 

The cost of boring is a very difficult faftor to arrive at 
as conditions prevailing in every hole are different. In the 
Well Sinking Department we have one Calyx G. O. 
Drill, and four composite Percussion Drills up as 
follows : — 


Details of percussion drill, 

1 Winch and wire rope. 

2 Flat blade chisels, 3 and 4^", one of each. 

2 V. blade chisels do do 

I Cross chisel. 

1 Open clay auger. 

2 Auger Nose Shells and 4^"^ one of each. 

2 Shoe Nose Shells, iY and 4^ one of each. 

j Boring rods, 10' long, j' long, 4' long, 3' long & 
%' long. 

1 Swivel tod. 

2 Hand dogs. 

I Lifting dog. 



I Snatch pulley block. 

I Cham Wtcnch. 

I Dettick- 
I Lifting jack. 

These percussion drills require the following labour : — 

O. S. Rs. 

One maiStry at Re. i per day . . 30 p.m. 

Four coo’ies at as. 6 per day . . 11-4 „ 


Wages per mensem O. S. Rs. 4i-4--o 
Say B. G. Rs. 3J"5“9 

So long as moorum and decomposed rock is being 
drilled, the matter is simple and progress good; but, if 
a hard floating boulder, or hard gneiss isftruck, progress 
per day is reduced to a few inches. The whole question 
is the tempering of the bits and supervision. The answer 
would naturally appear to be “ Supply a trained blacksmith 
and increase supendsion This is of course possible but 
at once the coSl per foot is increased. 

The writer finds that his Department is not unique in 
being faced with this difficulty of using cheap labour. In 
South Africa, after long trial, it has been found that for 
bored wells of any depth skilled labour (in that case Euro- 
pean), with an efficient drilling plant, is in the long run 
cheaper than employing cheap native labour. But, in the 
caseofthc Well Sinking Department, at present working in 
a gneissic area, out bores are all trial holes generally to test 
whether the underground water is sahne or not ; and, as the 
water-table of the gneissic country we are now exploring 
averages about 30 feet, with praftically the same wages 
required to run a drill, we can put down a trial pit. As 
explained below a bored well is not suitable for village 
supplies, owing to coSt of equipment, upkeep and recurring 
monthly expenses. A bore-holewhen complete is useless 
to us, whereas a trial pit coSts little to enlarge to Standard 
dimensions. Further in a trial pit, even brackish water, 
whichis good enoughfor cattle, is Struck, the pit is of, value. 



Further, boring to teSl for existence of drinkable water 
in the saline areas is apt to be very misleading. In many 
instances when drinkable water has been Struck in bores, 
wells were sunk on the site, which gave undrinkable water, 
the cause being, that the larger diameter of the well opens 
out other saline springs not touched by the bore-hole. 
These fafts have led the Well Sinking Department 
to sink trial pits in searching for village water supply 
in preference (o borc-holcs. All the above remarks apply 
to normal gncissic country, but when the suiface is 
covered with a big depth of black cotton-soil overlying 
saline areas, trial bores arc indispensable. 

In ordinary gncissic country, either for village drinking 
supply, or irrigation purposes, there is no 
Bored Well. question that a well is far cheaper and 
more serviceable than a bore-hole. On 
the other hand, if only household or small farm supply is 
needed, a bored well in the crystalline rock, carefully lined 
with casing pipe lowered sufficiently far into the hard 
rock, and drilled well away from all sources of contamination, 
will in all probability give a purer supply than an ordmary 
surface well. Such a bored well is limited to the capacity 
of the pump which is fitted to it. But for big supplies 
such as village drinking water, a properly designed well is 
much cheaper and more suitable for the purpose than a 
bored well, for the following reasons : — 

(x) The chances of obtaining by bore-holes a sufficient 
supply of water in crystalline rocks, to supply a village, 
arc highly problematical (sec page 76 Fig. 12) 

(2) Figures prove that the coSt of boring and lining 
a bore-hole in crystalline rock equals the expense of 
sinking and lining a suitable sized well 

(3) In the case of a bored well, to obtain a village 
supply, the bore-hole would liave to be at IcaSl 4* in 
diameter at the bottom, and would then have to be fitted 
with a deep well pump, driven by an oil-engine, and a 
suitable sized storage cistern in case of breakdown. The 
cost of these extras alone will be greater than the cost of 



the well, not to mention original coSt of pump, upkeep, 
driver’s wages and depreciation. 

(4) On the other hand, a properly designed well 
allows villagers to draw their water by hand and the 
outlay is reduced to a mimmum. 

It has been argued that bored wells for village watet- 
suppl}^ would overcorne the objeftion of contamination by 
bafteria. But the writer cannot agree unless the bore-hole 
is drilled far outside the periphery of the village area. The 
average depth of the soil in gneissic country is shallow 
and saturated with chemicals and bafteria, derived from 
backed and pitted manure, the accumulated fdth of 
centuries and from the insanitary habits of the villager ; 
so, instead of afting as a filtering medium, this shallow 
soil is but the Storehouse of contamination which, annually, 
without any intervening filtering medium, percolates 
through cracks or fissures direft into the underground 
water-supply after each Storm of rain. (Sec Fig. 14.) 
Whether it has been decided to sink a circular or square 
Excavation well, the process in each case is for the 
of wells. rnoSt part similar. The advantages of a 

circular well over a square well arc dis- 
cussed elsewhere. 

After marking out the ground the work proceeds with 
pick, shovel, crowbar, and powiah (spade), the excavated 
material being removed by baskets. If the surface soil 
and sub-soil arc very friable, the imtial excavation of the 
well mu§t be made larger so as to allow Steps to be cut as 
indicated in Plate IX, page 138. As the depth increases 
the common local pradice is to cut a sloping-roughly 
Stepped incline, which is lengthened and deepened as 
depth increases. There are several advantages to this 
method in the work of the Well Sinking Department, as 
it finally allows the power-pump to be lowered down to 
nearly hard rock level. In general, after rock has been 
reached, the local contraftors prefer to fit either a single or 
double pulley (mhote) fitted with a rope and bucket and 
the muck and water hauled out from title bottom of the 



well by women coolie labour. Although the Well Sink- 
ing Department has demonstrated the advantages of a 
windlass, and double buckets, only the most go-ahead of 
the petty contrafkors employ them. When really solid 
rock is reached, a ledge muSt be left, by reducing the in- 
terior area of the well, on which to build up the concrete 
lining, or Stone Stcining. 

When solid rock is Struck boring and blasting commen- 
ces. The whole secret of success in smking m rock, is 
the proper placing of the hole, in order that each charge 
shall do Its maximum duty. Whether it is in a circular, 
or square well, the main thing is to get out the centre cut. 
This IS done by drilling three or four holes, according to 
the dimension of the well, and the hardness of the rock, 
towards the centre of the well each marked i in Fig. ija. 
A and B. The slope of the holes obviously depend on the 
depth to which the labour is capable of boring. These 
holes to form the centre cut arc blasted first. The sub- 
sequent holes are so placed as to blow down the sides of 
the excavation towards the centre cut, as illustrated in 
Fig. 15 a. A & B. marked 2 & 3. 

A B 


Ar&a I - ---I Centr-e cut. 
f> mnM 6/ast. 

». ISTOS 8 b/ast. 

Fig. 15 a. shows the rough idea of the position and 




numbet of holes lequited to blaSt out a 6 ft. circular well 
in hard rock,* the dotted lines in A show the proper eflFedl: 
that should result after blasting each set of holes. 

To drill a good depth of hole by hand labour, say 3 
to 4 ft., everything depends on proper sizing and tempering 
of the drill bits. In the Well Smkmg Dep«tment, we 
advise the contraftors to shape the bits of their drills to a 
template to the following sizes : — 

When using 7/8 inch ©diagonal Steel, the Starting drill 
should have an 1 1 inch bit, next 1 1 inch, next i inch. When 
using dynamite, or gelignite no hole should be smaller than i 
inch diameter, as it is misafe to force a charge primed 
with a detonator into too small a hole. If the bits are not 
corredtly tempered they will loose their gauge so quickly 
that the resulting hole will sharply taper and the succeeding 
drill is sure to jam. 

A certain amount of effeftive work can be done, in dry 
rock, using gunpowder, but of course it has but one quarter 
the Strength of No. i Dynamite. When water-level is 
reached, gunpowder becomes useless, unless extraordinary 
precautions are utilized, which are nearly impradlicable. 

Guttmann, the great authority on blasting, sums up the 
question as to which is the beSt formula to use to calculate 
the corredl quantity of explosive to charge into each hole in 
the following sentence. “ There is no lack of theories for 
the determination of blasting charges, but their application 
depends on empirical fadls determined by pradlical work. 
I therefore advise that the calculation of charges under 
ordinary conditions be negledted, and recommend watching 
aflual operations for some weeks, asking explanation from 
the most e^ert miners. In this way experience will be 
gotten in a short time that will enable one to estimate with 
some pieasion the proper charge to use after inspefting 
the spot to be blasted.” 

In the centre cut holes, in the above diagram. Fig. xy a, 
presuming they are 3 ft. deep, bored in hard homogeneous 
crystalline rock the writer would use to 3, 2 02. plugs of 

* The holes should be blasted in the order indicated. 
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blasting gelignite, if in medium tock, to 2 plugs, and 
in soft tock J to I plug. 

Throughout the Gneissic area of His Exalted Highness 
the Nizam’s State, with but very few excep- 
Step Wells. tions, large open baolis^ or Step wells have 
been conStrufted by the villager or the 
Local Fund authorities, into which the villager, to fill his 
pots, has to enter the water by Steps, either built, or cut in 
the sides of the well. 


The danger of such wells from infeftion by cholera, 
guinea-worm, and other water-borne diseases, and, the 
insanitary praftice of drinking water which folks’ filthy 
feet have entered and in which everybody washes out their 
mouths, clothes, and bodies, the writer leaves alone, as 
being outside the purview of this pamphlet. The objeft, 
however, of theconStruftor in excavating wells of such 
huge dimensions, sometimes 150 to 300 ft. square, was 
undoubtedly to cut as many water-bearing fissures in the 


rock as possible. 

If the question is examined on common-sense hnes, it 
Compatative that the coft of excavating 

cost of torgc such a large quantity of material above 

square w Jls as water-level is a pure waste of money. For, 

against la ft. instead of serving any useful purpose, it 

internal C. C. Qjjy adds enormously to the coSt of linmg 

tuMek.^ * besides giving the &al well a 

great area for solar evaporation and 
accumulation of wind borne dirt. If, on the other 


hand, a suitable sized well is sunk below permanent 
water-level and the money, spent in excavating the 
large amount of material in the open “ baoli ” above 
water-level is now utilized in tunneUing side galleries at 
right angles to the rock fissures, a well of the same depth 
and with an equal area of sump, or Storage capacity can be 
excavated for half the coSt. Further, as it is probable 
by this method that a greater number of water-bearing 
fissures will be cut, the small well with side tunnels will 


give the better recuperation. 
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The writer has to thank his staff, for calculating the 
following Bgures which prove his contention. 

Comparative coSt of sinking a 20 ft. square Slone 
steined Deccani baoli, as against a hexagonal 7 ft. sided 
mass cement concrete lined well’'- having equal sump 
room, obtained by tunnelling, both wells 40 ft deep, 
and water level at 30 ft. from ground level. 


Assumptions. 


Strata same in both cases as 

below : — 

Soft soil 

. . 7 ft. 

Rocky mooram 

. . 9 ft. 

Soft rock 

. . 9 ft. 

Hard rock . . 

. . 1 3 ft. 


2. In square well, dimensions zo'Xzo', vertical 
retaining wall, on which mhote is fixed, built of C. R. S. 
masonry in lime mortar, the remaining three sides of well 
revetted with 4 : i slope of laminated Slone i-J' thick. 

5. Below soft rock, sinking is vertical 

4. In square well, sump is 10 ft, deep and 4,000 eft., 
holding 2j,ooo gallons. 

5. Common items in each design of well, such as 
mhotes, ramp etc., excluded from calculation. 

EBimated eoH of square mil zo'xzo', depth 40 ft. 

Smkittg. O.S. Rs. 

64*07 units of soft soil at O.S. Rs. 2-14-8 
per 100 eft. .. .. i 86 13 ii 

70' 3 3 units of rocky mooram at 
O.S.Rs. n-io-8 per 100 eft. . . 822 13 7 

36 umts of soft rock at O.S. Rs. 17-8-0 
per 100 eft. ,. .. .. 630 o o 

60 units of hard rock at O.S. Rs. 33-0-0 
per 100 eft. . . . . . , 2,100 o o 

* Note:— The Standaid 7ft. sided hexagonal agticultutal well 
designed by the author, fitted with a specially designed mhote pulley 
and approved of by the Agricultural Department and the Famine 
Board is identical in method of conSttuftion to the well illuftrated 
in Plate DC, 
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o ' 99 units of mooram filling behind C, R. S. 
masonry at O.S. Rs. 9-0-0 per 1,000 eft. 8 14 7 

Steimng, 

52 units of C. R. S. masonry at O.S. Rs, 

56-0-0 per 100 eft. .. .. 1,15 a o c 

8’o units of pointing at O.S. Rs. 4-0-0 
per 100 sqft. .. ,. .. 32 o o 

15*08 units of R. S. revetment ij' thiek 
at O.S. Rs. 9-8-0 pet 100 eft. . . 143 4 2 

Total eoSt of square well O.S. Rs. . . 5,073 14 5 

or B.G. Rs. .. 4,35012 5 

EMmated eoff of Hmdard agricultural well^ lined with 7 ft, sided 
cement concrete 9" tbuk. 

Sinking. O.S.Rs. 

17* 82 units of soft soil at O.S. Rs. 2-14-8 
per too eft. .. .. .. 31 15 7 

22*91 units of loeky mooram at O.S, Rs. 

11-10-8 per 100 oft. . . . . 267 4 6 

10*25 units of soft rook at O.S, Rs. 17-8-0 
per 100 eft. . . . , . . 179 6 o 

31*12 units of hard took at O.S. Rs. 33 per 

100 eft. . . . , . . 1,089 5 2 

14*54 units of tunnelling in took at O.S. 

Rs. 60-0-0 pet 100 oft. (tunnels 6' X4')* 872 6 5 

Lining with mass cement concrete. 

643 eft . 9" thiek with 1:4:8 mixture at 
O.S. Rs. 65-8-0 per loo rfi. . . 427 11 5 

1.61 units of filling and tamping behind C. 

C. lining at O.S, Rs, 12-0-0 per 1,000 eft. 19 5 1 

Total eo§t of Standard Agr. Well in iden- 
tical Strata giving equal recuperation and 
sump room roughly juSi half the cost . . a’,907 4 2 

orB.G, Rs .. 2,491 15 o 
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After perusal of these figures, there is no doubt that 
this is the method that should be employed by landowners 
in sinking agricultural wells. The co§t of making one 
7 ft. sided hexagonal mould to caSt a sedition z ft. deep and 
9" thick, IS O.S. Rs. 3iz,=*B.G. Rs, 267-6-11. 

Before leaving the subjedt of these huge Deccani 
FailuteofwcUs sunk for both village drinldng 

owing to water-supply and agricultural purposes, 

spiings gemng there is an important point which must be 
blocked by mentioned. Areas in the south-weft and 

central parts of Hyderabad Slate arc 
° ® subjeft to successive years of diminished 

rainfall. The Raichur and Sorapur Diftridts are 
the moft frequent sufferers in this respedt, though other 
areas along the western frontier as far north of Bhir arc 
also affected. The writer noticed that after roughly seven 
years of partial famine, many large old baolis failed to 
get replenished even after a decent monsoon and traced 
up the cause. It was discovered that, owing to the high 
percentage of calcium and magnesium salts m the under- 
ground water, that during the long years of successive 
droughts, when the springs in the well were barely seeping, 
owing to the high evaporation, all the salts were deposited 
and, finally, entirely closed the fissures. In many inftances, 
when this was realized, by merely putting in long reaching 
drill holes into the closed fissures and blafting with a heavy 
charge, reimperation immediately re-ftartedond the well 
fiUed up without any necessity of deepening. The writer 
now believes that in many inftances, this was the cause of 
failure of many wells around Attaf-i-Balda (Hyderabad). 
These wells were replenished apparently with sub-artesian 
effea, when a bore-hole was drilled in the bottom. The 
agrit^toal engineer showed the writer several wells in 
granitoid gneiss, in which a bore-hole had given moft 
successful results. The writer carefully examined the locality 
of the wells and could find no trace of dyke, or any cause^^ 
to amount for water rising under pressure in the bore-hole 
put down in the bottom of the well. The writer is now 
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satisfied, diat ditectly the bote-hole touched the firft 
horizontal cleavage in the granitoid gneiss, it tapped the 
water, lying ^tanked back around the outer diameter of the 
well, mto which it could not penetrate owing to the fissures 
being closed and thus caused the apparent sub-artesian 
effect. This reason for failure of wells should be looked 
for, before going to the expense of biting boring tackle. 

In the Raichur Diftrift the writer has noticed a large 
number of agricultural wells now disused. 
Failure of agri- In the Annual Report of the Well Sinking 
cultxiial wells. Department for 1337-38 Fasli, (1928) this 
sub)e£t was discussed. There is little 
doubt that the main cause of well irrigation going out of 
favour in the Raichur Di§lri£t was partly due to failure of 
wells during one of the recurrent periods of drought to 
which this area is subje£t. During these periods the water 
table of the district sinks as much as 20 ft. in some places. 
The Indian cultivator can sink his well to rock, and through 
rock, using gun-powder, if there are no springs to Stop 
him. Many of these agricultural wells muSl have been 
sunk generations ago below the then existing water-table, 
and from their number muSl have been very profitable. 
But, owing to cycles of insufficient rainfall, resulting 
with shrinkage of the water-table the owners frequently 
met with total failure of water, juSt at the moSt crucial 
moment and so loSt their entire crop. Sinking the well 
deeper with gun-powder was impossible and so after 
repeated failures, during different cycles, well irrigation was 
abandoned for a dry crop The writer feels that if only 
sufficient inducement was offered, that by use of high ex- 
plosives all these wells could be sunk sufficiently below 
the permanent water-table without any fear of failure of 
supply in bad years. 

The Well Sinking Department have finally decided 
Shape of welk that 4 ft. sided h«cagonal and pentagonal 
and methods of shaped wcUs suit their purpose better 

supporting than circular. But the reason for the 

arrival at this choice mu§t not be over- 
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looked. The work before the Department entails sinking 
hundreds of wells, of two diiferent sizes, one for ryots and 
smaller ones for the non-caste village populations. In our 
case where each set of moulds for casting a 4 ft. sided 
concrete cement lining is used over and over again, its 
original cost and depreciation, spread over a great number 
of wells, becomes an insignificant item added to the coSt of 
one well. However, the original co§t, I’/nj;., O.S. Rs. 190 = 
B.G. Rs. 163, per set, to cast z feet deep seditions, added 
to the cost of one single well is a matter of consideration. 
The reason for choosing hexagonal design is as follows : — 

When circular moulds were used it necessitated having 
2 sets of moulds, one for 10' diameter linings, the other 
for 6 ft. diameter linings. A 4 ft. sided hexagonal 
lined well gives an internal area of 260 square feet, if one 
side of the mould is removed and joined up again to form 
a pentagon it forms the lining of a well with an internal aica 
of 172 sq. ft. This saving in cost of having to keep in 
stock two shapes of circular moulds was one reason for 
the adoption of the design. The other was, that even 
though the arcular moulds were made in three sedlions, 
they were not only heavy and bulky for carting, but, 
worse, they were continually getting bent and, in conse- 
quence, giving a great deal of trouble in joining together 
undergroimd. Further, we had a lot of bother in bending 
the angle iron to the tight curve, whereas with hexagonal 
moulds all these difficulties disappear. 

The cost of lining a single well, by mass concrete 

Cost of mass cement 6 " thick works out as below : — 
Concrete cement 
lining. 


TABLE XII. 

Comparative cost of lining a well with 4 ft. hexagonal 
mass cement concrete, or fteining with coarse rubble Slone 
masonry. 
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Per foot in height. 

C. C. Lining C.R.S. Steimug 
6 " thick I '-6" thick. 

Quantity .. 13 eft. 50*24 eft. 

Cost O.S. Rs. ..940 23 4 o 

Supervision charges at 

33*4 per cent. ..340 840 

Total O, S. Rs. .. 12 8 o 31 8 o 


Total B.G. Rs, . . 10 n 5 27 o o 

It is, therefore, simply a question of how deep the well 
or number of wells that have to be lined to see whether it 
will pay a private party to conSiru£fc a mould. But, 
whether the well is going to be lined with mass cement 
concrete or C. R. S. masoniy, there is no doubt that 
circular or hexagonal designs outweigh square or re£k- 
angular shapes. One has but to tour tlxe State and exam- 
ine wells as much as the writer has done to realize the large 
amount of square or redtangular wells there are throughout 
the Dominions in a Slate of collapse, owing to incorreOness 
of design and insufficiency of batter to the revetment on 
the sides. The writer has only lately had an excellent 
example of the advantages of circular design. Within 
Jawalgiri Fort, (Sindhnurlaluq) opposite the temple, is a xo 
feet circular well, Steined right to the bottom witli loose 
dry Stcining. The well, which was 94 feet deep ran prafti- 
caily dry. By grouting the bottom 10 ft. of dry Stcining 
with cement, the Well Sinking Department were able to 
deepen the well, using dynamite, without any damage to 
the overhanging Stcining. After 3 ft. had been sunk a 
short tunnel Struck a spring which filled the well within 
61 ft. of the collar. 


Care of choice A. word of warning before closing 
“ ffiis subie£t. In gneissic country when 

cSly sinkinpvells. be lined by C, 

ftcming. C. orSteined withC.R. S. masonry is im- 
material), a zone is frequently reached where the moorum 


19 
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is hard enough to require an occasional pop with dynamite 
and has every appearance of being sufficiently sound to 
bear the weight of the lining or masonry aeining. Take 
care 1 In our gneissic country there is a lot of decomposed 
rock, which is what is technically known as l^dratedy 
and, as soon as the pressure is released, breaks up into 
crumbling fragments. The rock mo 5 t commonly aflfc£lcd 
is a white rock with dullish green spots in it (binary acidic 
gneiss). It is as well, whenever it is practicable, to spend 
a few more rupees and invariably sink until a ledge can be 
formed, cut out of undecomposedrock. If the well is then 
sunk a further 5 ft. below inis ledge deepening the well is 
possible at some future date without cracking the lining 01 
§tone Steining. But, in our well sinking work, we come across 
many cases where decomposition, especially in the above 
type of gneiss, goes down to 50 and 60 feet without any 
solid rock being Struck. In such cases there is no alterna- 
tive but to Start lining from the very bottom of the well, 
Mr. Lacey, in “ Hydrology And Ground Water,” page 
104, gives the following table, showing 
fj the mutual interfercnc of a number of 

wells sunk in a row. The wells ate assum- 
ed to be 6” in diameter, through the Steining of which 
water passes as easily as through the soil, and the 
infiltration head is to fi . 

TABLE Xni. 


Distance apart of the 
wells in feet 

Mutual inter- 
ference per 
cent. 

100 

65' 8 

zoo , . 

45-0 

400 • . 

14' 0 



In the case of ncighboufing wells in ctyStallmeioc k s 
or gneisses the above table will not necessarily apply- An 
examination of Figs, ii and 12 shows it is quite impossible 
in these rocks to prcdift the possible interference. Owing to 
various water bearing fissures controlling the yield of some 
of these wells in undecomposed crystalline rocks, two wells 
within 30 ft. of each othci have been found to give not 
only entirely difiTercnt yield, but, in certain cases, entirely 
different qudity of water, one being drinkable, the other not. 
Save to say that, as far as the writer’s inspc6lion has gone, 
he secs no need to alter tlie design for 
wells a] ready seleitcd by the Well Sinking 
rap area. Department when work commences in this 

Deccan Trap formation, nothing more need be said for the 
present- The question of improving village wells by boring 
or by blasting through tlic mtervening semi-impermeablc 
layers of Trap overlying the water beating underlying layer, 
depends entirely on the question, whether sub-artesian condi- 
tions exist in the porous layer below. Thi s question can only 
be proved by a long senes of trial bore-holes and fat more 
intimate knowledge of local conditions must be obtained 
by this means before any opinion can be given. If water 
in certain decomposed layers of Deccan Trap ate found 
to be under pressure the future of ceitain districts in 
Marathwara country will be entircy changed. 

The writer so far has had no experience in dealing with 
wells sunli. in lateritc, but, from the 
Wells in Lateritc. chemical composition of that formation, 
he has a Strong suspicion that some of the 
wells which used to yield ample supply but are now dry 
could be at once improved by driving short tunnels from the 
bottom, where the latcrite lies on the unaltered lava flow. 
When dealing with ordinary mootam overlaid with a 
shallow depth of black cotton-soil, in 
Wells in loose Starting a well to be subsequently lined 
ground or ^ 4 ft. sided hexagon of 6 " mass 

cement concrete, the pradtice of the Well 
ana water. o • 1 • t-. I f 

Sinkmg Department is to commence 
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sinking 'with a 14 ft, diameter. This diameter is continued 
until mooramis met, then reduced to 12 ft., by leaving a 
Step 1 ft wide all round the periphery and sink at that dia- 
meter till sufficient solid ground IS met on which to dSl ihc 
lining. (Sec Plate lX).When using an inner and ouler mould, 
the space left around the concrete Mter removal of ihc outer 
mould, must be most carefully tamped as lining proceeds 
and kept constantly watered, to ensure perfeft consolidation. 
Normally, the platform should not be cast until at leaSl two 
monsoons have passed, and the ground has been properly 
consolidated, but such a delay is impossible in the extensive 
work that the Department is undertaking. 

Owing to the speed, with which wc are able to line our 
wdls, we have been able to excavate a well in black cotton- 
soil at Sindhnur Travellers’ Bungalow, Ratchur DiStttdl, 
to the depth of 40ft., without using anytemporary support 
at all. 


In using mass concrete cement lining thetc aic many 
alteimtives open to the engineer. The Water-Supply 
Seftion of the Nigerian Geological Survey* arc successfully 
using concrete linings for wells up to 200 ft. in depth, put 
down in friable sandstones and days of the Sokoto and 
Bomu Provinces. The internal diameter of the well is 
4 feet, and the thickness of the concrete vanes from aj" 
to 6 ", according to the nature of the ground and the 
amount of side pressure expefted. The concrete lining 
is put in with the aid of tolled iron shuttering, as sinking 
proceeds, and the following methods are employed, accor- 
ding to the varying ground conditions encountered ; 

(a) Alternate sinking and lining with wallinc cribs 
(20-30 feet.) 

(l>) Alternate sinking and lining with short lifts ( 6 -xz 

feet). ^ 

(r) Simultaneous lining and sinlcing. 

Instead of having an outer mould, the well is cut to the 
exaft size reqmred, and concrete is filled in bcliind the iron 


* Annual Report on the Geological SurvCT for the year 
Colony stnd Ptottdotate of Nigeria . 
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forms which must be moft accturately centred. When 
pouring in the last concrete of a new seftion, a good joint 
muSl be made with the bottom of the upper scflion, and it is 
usually advisable to finish off the joint with cement. 
Where ground is friable and likely to lead to slipping of 
the concrete linmg, better contafl: with the well sides is 
secured by cutting a continuous horizontal groove behind 
each seftion before the concrete is filled in. The fira 
seftion of the well can be ca§t with a collar of concrete, 
resting on the ground, which will form the final platform 
to the well. The mixture of concrete used is the same as 


that used in the Well Sinkmg Department, vi^. 1:4; 8. 

In very bad ground reinforced conorete could be used, 
though, so far, the Well Sinking Department have not 
come across the necessity. 

In dealing with very loose sodden ground, which locally 
is called soud/^t of when running sand 
Sinking wells and water is encountered, it is necessary 


as cais^ns, 01 btick or masonry wells laid on 

curbs, or utilising caft concrete caissons. 
These wells will be sunk by means of undercutting. When 


brick or masonry is employed, it is necessary first to con- 
ftrufk a curb on which the caisson is built. There is a lot 


of literature on this subjeft, and the writer need not detain 
the reader in this pamphlet mainly intended to deal with 
the geological side of water foding. Babul (Acacia 
arabica) is the moSt suitable timber to employ for curbs, 
as it IS piafbically indc§tru£tible. The writer had a piece 
of babul taken out of the old gold workings at Hutti Gold 
Mine from a depth of 600 feet, which, though lying in 
water for perhaps 3,000 years, was Still solid. 

In using concrete no curb is required. The Well 
Sinking Dcpaitmcni has been successful in sinking circular 
and hexagonal caissons without even a cutting edge, tliough 
these are preferable. Tlte cutting edge can be caSt simul- 
taneously with the bottom se£tion and if there is fear of 
boulders being encountered had preferably be reinforced. 
The two bottom seftions should be made of i : 2 : 4 cement 
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concrete mixture and the upper of i : 3 : 4. At Icas^ a 
fortnight’s curing should be given to the first two se£bions 
before the first undercutting is commenced, but the subse- 
quent seilions can be added as work progresses. 

The ground where the caisson is to ^ sunk is excava- 
ted until the water-logged ground, or running sand i.s 
reached, when it is befit to fill in with about 2 feet of 
carefully levelled sand on which to lay either 
the curb, or on which to cafit the lower scftions of the 
concrete caisson, including the cutting edge. Under- 
cut ting, as long as inflow is not loo groat, can lie 
donebjr hand, and, in wells sunk for ddnking puj poses, 
dredges which aie necessary for sinking caissons for bridges 
or other fitrufbires seldom are necessary. If the well on 
the curb or the mass concrete caisson is not of sufficient 


weight, exlta weight mufit be added by means of sand bags . 
Lacey in “Hydrology And Ground Water, ” p. iia, para. 
59, is very clear on this subjeft. 

" The friftional resistance to the sinking of a well incicascs with 
the depth, so long as the amount of Stud dicdged, or removed from tlic 
well, equals the amount of soil the well displaces ; but it frequently 
happens that consideiably moie Stuff is removed than the contents of 
the well, and the Stuff, especially in the case of sand, runs or flows in 
undei the curb causing the well, and the adjoining soil surrounding it, 
to sink together, ff this flow of soil from any cause does not run equally 
all round into the well, the well may jam, or Stick, in its course down- 
waids, and commence to go out of position. It is therefoi e important, 
in the case of welLs of laigc diameter, to be sunk to depths of 50 feet 
and deepet, that the weight of the Steining should be sucii as to 
muse the well to sink by its own weight, before the amount of material 
^edged exceeds the column of soil displaced bv the well, A well 
should keep continually sinking, so as to cut off the outside material 
entering It, and thus reduce the amount of Stuff to be excavated. A 
light wril would only drop at intervals, and far mot c Stuff would be 
dredged out than the volume content of the well sunk ; a heavy well, 
on the other hand, would keep continually sinlang, and thereby cut 
off the outside matetial flowing in. 

c ■ 1 • Robert Gales, M. InSt. C. E., has introduced a term called 
^kmg ^ort per square foot of the outside skin of the Steining. 

Stoning plus any extra 
of outside surface 

oi the fteining below ground level As deep for a water supply 



arc generally sunk through saturated soil, the cjfFeftivc weight of the 
gtcining is its weight in water. 

** For all prafScal purposes, in the case of wells sunk through •re- 
cent’ alluvium, the sinking effort in cwts* per square foot of the skin 
of the ftcining is one-thirtieth of the depth below ground surface the 
well has to be sunk. That is, if borings disclose that in order to 
obtain a copious supply of water it will be necessary to sink a well to a 
depth of 120 feet, the sinking effort per square foot will be 4 cwts., 
from which figuie the necessary amount of thickness to be given to 
the well iteming can be deduced. It is obvious that if the gteinmg 
IS of sufficient weight for the well to be sinking as excavation proceeds, 
the expense and the delay in placing and removing the smeharged 
weights, when a new course of masoniy has to be added, are 
obviated.” 

The writer has fooiid that, should caissons get hung up, 
it very useful tip is to Sto]> pumping, let the water rise and 
explode a quattci of a plug of gelignite dropped into the 
centre of the well. Such a small explosion generally has 
an instantaneous efFc 6 h but, in some cases, it has taken a 
couple of pops to make the caisson properly settle. 

Few of the minor rivers and Streams of Hyderabad 
State are perennial, but, when the flow 
Water in sand has ceased, long reaches of sand remain 
exposed, to all superficial appearance, 
bone dry. But this is not so, for, even a shallow pit, du^ in 
the sand, will at once fill with water. Now, when it is 
remembered that every cubic foot of saturated sand 
contains rather more than z gallons of water, it is obvious 
what enormous reserves are at our disposal. 

Save when a town water-supply is contemplated, very 
little research into this vaSt Storage has been made in the 
State, thougli Sir Alfred Chatterton took a great interest 
111 this question, and his book, “ Lift Irrigation contains 
a lot of useful data. Sir Alfred frequently notes that the 

Chatterton.’ s ‘Lift Irrigation’ contains interesting data as 
regards wind mills, a means of raising water now extensively used 
in S. Africa, Au^ralia, aud America. Now that British machines arc 
so much improved, as to be nearly fooLproof, and should be far 
more extensively used than they arc in the Deccan. Investigation in 
this matter is called for first of all by the Meteorological Depart- 
ments to find out which ate suitable Areas for their use. 



poverty of the villager prevents him from making full use of 
this wonderful reservoir. Bui there is one indigenous 
method in use called in English a Spnng Channel which, 
as It utilizes and illustrates the friftional resistance of 
water in sand, is worth describing. The spring channel, 
is a ditch which is arranged so as to run up-Stieam the 
bottom of which is cut to a slope less than the surface 
gradient of the river sand bed. At firSt this channel, or 
shallow trench, runs through dry sand, but, as it progresses, 
it cuts, then runs below the water level of the water-table 
beneath the sand, and from that point, onwards in its up- 
stream course, becomes an infiltration trcncli. The water, 
thus colleded, runs down the channel into the trench dug 
in the dry sand and so flows into the pit, oi “ cheJwtt, ” dug 
in the bank from which it is baled on to the fields. 'I'he 
first mflow into the trench, in the dry sand, is all absf)rhi'd 
until an area, beneath and on either side, is full)- saturated 
up to the level of the hydraulic gradient, when the watei 
from that time onwai ds flows on with but vciy little loss. 
The laws, illustrated by this simple process <)f obtaining 
water Stored in sand, pertains, more or less to all othei 
processes. In a sjiring channel the lower sandy sedtion, 
in which, as described above, water after saturation of 
the sand is able to flow over it without any great loss, is cut 
in fine sand. If this sand were very coarse, the fnftion 
would be so much less that the water would filter away, at 
such a rate, that only a very small percentage would icach 
the chelma or colleffing pit. The filtration of water in 
sand is in diieft ratio to the size of the grains, and has 
been dealt with under the seftion on Permeability page 
i8 et. seq. Below is given the figures taken from U.S.A. 
Geol. Sur. Water-Supply Paper No. 219, page 27 : — 
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TABLE XIV. 



Velocity with gradi- 
ent OF 100 FEET PER MILE 

Type of sand 

Diam. in inches. 

Foot per 
annum 

1 

Foot per 
day 

Fine sand 
Medium sand. 
Coiitse sand . 
Fine gravel • . 

•006 or i/i 60 neatly 
•014 or 1/70 
•06 01 1/33 
• 12 or 1/8 

304 

1,650 

7 .J 77 

121,296 

I ft. pel day nearly 
3 ft. do 

22 ft. do 

33 ft. do 


The above ma^ be taken as a rougli section of the gtades 
of sand in the bed of an ordinary nullah, but, owing to 
tol al frifhon unless an attifici al hydraul ic gradient is f ormed, 
such as a deep trmch or a well, the total water in these 
layers of sand may be taken as pradically Stagnant. 

Owing to the friftion controlling the inflow of water 
into a well, it will be seen that the deeper the well is sunk 
into the progressive coarser layers, the greater will be the 
inflow info the well. Besides, each successive layer has, 
by its grade, a separate hydraulic gradient becoming flatter 
and flatter until the gravel is reached, when the hydraulic 
gradient is praftically horizontal. So every endeavour 
should be made to sink a well to the lowest limit of the 
nullah sand. 

The writer has not yet had a very large experience of 
sinking wells in sand. He, therefore. 
Grading bottom welcomes the small pamphlet, written 
by Mr. F. C. Temple, “ Surface Wells 
in Sandy Strata” (Thacket Spink 1918). 
In this the author specially deals with the silfing up of wells 
through the influx of fine sand, drawn into the bottom of the 
well with the water, when heavy pumping is instituted, so 

zo 
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finally teducitig the total percolation, 'Phc author advises,, 
and it is obviously correfl:, that in open wells this difficulty 
can be ovetcome by putting a graded sand bottom into the 
well to produce such a condition of Stability in the sand, 
that the rate of inflow into the well, through pumping, 
may be increased fat above the critical velocity of the 
sand. The author defines critical velocity as that speed 
at which water may pass through sand witlioni moving or 
lifting it. Mr. Farrant, sometime Ohief Ihiignecr, P.WM"). 
Punjab, fixes the critical infiltration head fot Punjab sands 
at from 5 to 7 ft. At the Trichinopoly WsUcm-WckIv.s, 
South India, the fine sand of the Cauvciy river is drawn 
into the pumps when the pumping head exceeds j feel. 
Mr. Lacey States, that in the case of coarse and heavy 
quartz sands, the critical head is over 7 feef. 

Mr. Temple’s idea which seems absolutely sound ts 
designed to overcome this difficulty. 

The piinciple employed is the reverse of the slow sand 
filter bed, used for purifying water, in which fine graded 
sand is laid on coarse sand over gravel, with a bottom layer 
ofbrokenbrick or Stone. While sinking the well, sainples 
from each foot of the excavated sand are taken and 
bulked together, mixed and a sample taken of the bulk 
and tested in a neSt of sieves. A useful set of sieves fot 
this purpose is comprised of 8 sieves with 10, zo, 30, 40, 
60, 80, 100 and IZ3 holes to the linear inch. 

Now presume a well is sunk in sand which gave the 
following grading : — 


Rejefted by 10 

meshes to the linear 

inch per cent. 


20 

do 

do 

0*5 

30 

do 

do 

0*4 

40 

do 

do 

0*6 

60 

do 

do 

x4‘o 

80 

do 

do 

28-5 

too 

do 

do 

IX‘ J 

125 

do 

do 

29*0 

Passing 123 

do 

do 

X5‘o 
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This last grade is a very fine sand and will never yield 
water very freely, because the passages between its grains 
are so very small. The critical velocity will be low. The 
sand itself contains a very small proportion of large grains 
and it will clearly be necessary to keep the bulk of the fine 
Stuff Stationary. It is, probably, only possible, while the 
bottom is unprotected, to lower the water about i8 inches 
before the sand begins to move. 

The I j per cent, which passes i/izj may therefore be 
ignored. All that is within reach of the in-maught of the 
well may come away without doing any harm. In faCt, it 
will prove an advantage by clearing the passages of 
approach. The firftlayer of grading muSt Stop the i/iz5 
sand. The correct size for this is 1/3 1. For tliis purpose 
sand, passing 1/30 mesh sieve and rejected by 1/40 mesh, 
may be used. It muSt be clearly understood that, before grad- 
ing at the bottom of the well is laid, the water in the well muSt 
have been allowed to rise to high water-level and all 
recuperation Slopped. At the depth, at which it is to be 
placed, there may be some difficulty in laying it evenly. It 
isenoughif a thickness of i foot is provided. With so 
thick a layer it is certain that no part will be too thin. 
This should be thrown as evenly as possible over the whole 
bottom of the well. A padme should be attached to a 
long bamboo and the surface of tlic 1/30 mesh sand 
should be smoothed with it as well as may be. The next 
layer necessary is fluff passing 1/8 mesli and lejeCled 
by i/iomesh. One foot of tins should be spread out 
in the same way. Ovet this should be a one foot layer of 
stone broken to i/z"si2e and over this, again, one foot of 
x" ballafl:. This has reduced the depth of the well by 4 
feet; but, in consequence, the water level can be lowered, 
probably almofl: down to the ballagl, without the inrush of 
water causing any movement of the sand or ballafl:. 
Should any diflurbance be noted, a layer of half bricks 
will fl:op it. 
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The sedtion of the bottom of the well will now be as 
below : — 

I'ofV' 

i'ofi/8" 4f<- 

''~7^7i73o" 

Now let us take the case of a coarser san*.! aii<l suppose 
the gtading to be as follows ; — 

Rejefted by lo meshes to the linear inch per cent. o 
Do 20 do do 26*0 

Do 30 do do iR-j 

Rejected by 40 meshes to the linear inch per C(*nt 16 ‘o 
Do JO do do 8*0 

Do 60 do do c)’o 

Do 70 do do o* j 

Do 80 do do 2*0 

Do too do do 1*0 

Passing 100 do do i • o 

The analysis shows this to be a sample of a coarse sand. 
It is clear from observation that the 44- j per cent, of 1/20 
and 1/30 sand will, together, take care of all the rcmaintlcr 
except the i/ioo. There will lie no harm if lh:u comes 
away. As before, it will prove an advantage by clearing 
thepassages of approach. In this case it will be .sunicicut f o 
begin with a layer of 1/8" sand and follow that up as before. 

The seftion therefore at the bottom of the well will be 
as below : — 


1' of 2" 

I'ofl" 5 ft. 
i' of 1/8" 
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Tlie same principle can be followed in an infiltration 
gallery. A trench can be dug and a concrete floor laid 
on the bottom. On this an earthenware pipe can be laid 
with open joints. The pipe is packed with gravel of the 
size of a plum or lichi, outside that with gravel the size of 
a pea, and outside that again a filling of coarse sand. If 
the sand of the nullah itself is fine, a medium layer of sand 
must be placed, overlying the coarse sand. Thepacldng, 
can be done with sheets of iron or other suitable material, 
placed vertically at intervals around the earthenware pipe, 
to keep the different layers apart until the packing is finished. 

When a well is being sunk it is essential to remember 
Testing the yield that it muSt be carried down sufficiently 
of wells. far below the existing water-table. This is 

necessary for two reasons. First, in diStrifts liable to insecure 
rainfall, the flu£h.i'.Uion of the water-table will be large. 
Elsewhere it has been shown that in the Raichur DlStritl 
the water-table has lowcicdm places through successive 
years of drought as much as zo fi Tt is to gain this 
proper depth that ihe NX'ell Sinking Dcpartmcni have 
been compelled to use power pumps as hand baling is 
insufficient now that the water-table of the Raichur DiSirift 
is being rcplemshcd by better monsoons after a long period 
of dt ought. This lack of sufficient depth below a fluftu- 
ating watei -table was the cause of failure of moft village 
drinking watci wells in 1337 F. (1928), aftetseven years of 
di oughts, and presumably the major cause of the aban- 
donment of well irrigation in the Raichur DiStrid in the 
p'.u<t. It would be as well for the Agricultural Department 
to check this point in other districts in the State. 
Secondly, it is necessary owing to the fad that 
diicdlly pumping ot drawing from a well commences the 
watcr-laolc raclnilly around the well becomes locally de- 
pressed. This depression which is in the form of an in- 
verted cone, sec Fig. 16., is termed the cone of e!x;hauHm 
some authors call it the cone oj depletion: The area 
and ihc curve of the slopes of this cone will vary accord- 
ing to the porosity of the material from whidithe water is 



being withdrawn. In ordinary cases the cone may extend 
from about loo to 500 yards radially around a well, if heavy 
pumping IS being carried on, and at times up to half a mile 
in width m the case of wells sunk in sand. 

The capaaty and yield of relalively shallow wells de- 
pends on many fafkors, but moftly upon the degree of 
fineness of the material in which the well is sunk. This 
faft XD33§t be the guiding faftor when deciding what size a 
well should be sunk. In a fine-grained and only slightly 
fraihired rock that yields water very slowly a dug well of 
say 10 ft. diameter would give far ^d away more satis- 
faftory supply than a bore-bole. This is because the dug well 
gives far larger infiltration surface and a greater Storage 
capaaty. 

The yield of a well sunk in a rock with a good 
specific yield also depends upon the depth it has 
been sunk below the water-table, for this will control the 
depth of the cone of exhaustion that can be made. 

- Sil££x£ 





Fig. 16. 

In the above figure the cone of exhaustion is shown m 
dotted Imes and A. B. the depth of tlie inverted cone. 
When pumping is going on, A. B. becomes the head under 
which the water flows into the well. Theoretical considera- 
tions seem to show that the yield of a well is dircftly pro- 
portional to a certain transmission constant or specific yield 
of the porous rock in which the well is sunk, and nearly 
proportional to the head A. B. or depth to which the local 
water-table is lowered. This bemg so, if a well is deep and 
relatively small, say 6 to 12 mches in diameter, increasing 
the diameter seems to have little efFeft upon the recuperation, 
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fot even doubling the diameiei adds bately 8 to lo per cent, 
to the theoretical yield. If on the other hand the well is 
relatively shallow and proportionately large in diameter the 
yield seems to be proportionate to the diameter, so that 
doubling the diameter would dou blc the flow. This depen- 
dence of yield upon diameter is only true when the well is 
being used up to nearly its full capacity.* 

As Stated above, the flow of groundwater into a well 
sunk sufficiently deep below the water-table varies diteftly 
as the depth to which the water is lowered below the water- 
table. This is fully borne out in the giaph below. It 
must be remembeted that while sinking is in progress the 
well area has been daily drained, but in testing the capacity 
of im old disused well it is necessary to give the well at 
least 24 houis conttnuous pumjitag bcfoi-e a tcSl is made. 



Fig. 17. 

* After Diwy, Meinaer and Sdiilchtei . 
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The well jn question, whose te§t supplied the above 
gtaph is sunk in the area of decomposed acidic binary 
rocks at Kurkundi Travellers' Bungalow, Manvi Taluq. 
Reference has already been made to this area on pages 73 
and 74 and the geological conditions illustrated in Fig. ii. 
The seftion of the well is : Soil 5 ft. Decomposed gneiss 
30 ft. 

As it is a Standing rule in the Well Sinking Department 
that lining mua be Started from a ledge of solid rock beneath 
which there muSl be a sump of 5 ft. to allow for futthcr 
stnkmg without hurting the concrete lining, it was neccss' 
ary in this case to be assured that the well gave more than 
ample recuperation before allowing lining, to he iSlarted 
from the bottom of the well. As Slated elsewliere wells 
sunk 111 this class of decomposed rock may have lo go 
down as deep as 60 ft. before any solid rock is Sttuclc. 

In this case as the requirements were rclanvcly small, 
to save excessive coft m concrete lining the rule had tt> be 
broken and lining Started from the bottom of the well 
without a ledge and sump being left. 

Wells in the CrySlalhnc complex which olitaiu their 
water-supply from fissures cannot be said to form cones of 
exhaustion radially around the well as illustrated in Fig. i6. 
In such cases the fissures, whtch themselves ate intetcon- 
nefted with a ramification of other fissures will probably 
fqim several cones of exhaustion perhaps at considerable 
distances from the centre of the well. An examinatiKin of 
Figs. 12,19 will explain this point. Such wells may be 

ttwitA. spring wells. Besides, the theoretical considerations 
referred to above will not hold good for those have been 
calculated from homogeneous unfissured material. In the 
well in question, however, the theoretical considerations 
and the illuSrtation of the cone of exhaustion will apply as 
the material in which the well is sunk has more or less 
the consistency of coarse sand and the yield comes from 
seepage over the whole excavated surface of the wails of 
the well. Such a well may be termed a percolation well. 



The giaph has been plotted without adjusting the cal- 
culations. The appaicni discrepancies at the end of the 
litft and second houcs, whetc the calculated tecupetation 
comes respeftively below and above the aveiage is due to 
the unavoidable divergence in average diameter of the 
well. The gtaph clcaily shows how necessary it is to take 
at Icafft a 12 hours teSL else, moSt wrong conclusion will be 
diawn as to ihe_ capacity of the well. This is even more 
clearly exemplified in the graphs taken from spring wells, 
[t may take a well days, sometimes weeks to regain its 
normal level. 'I'his left was made before the monsoons 
had Started to replenish the water-table, so the cone around 
the well was at its lowest capacity of tecupetation. 

The gtaph cicaily illustrates the theoretical calculation 
that the yield is nearly pioporlional to the head A., B. or, in 
other words, the depth to which the cone of exhaustion is 
lowered. 'I'liereisno doubt that ifthis well were to be sunk 
dccpci a far larger yield could be obtained. This is tire 
class of decompo.sed rock which exists around Vedvatti 
ca.SL of Raichur refened to on page 73 and from which the 
writer hoped to obtain sutlicicnt drinkmg water for the 
needs of Ratchur tijwn, which might save Government 
many lacs of nipees. 

A recuperation teSi for a well as illustrated above re- 
quires no apparatus save a tape, Tl has been found that it 
is a more pnitliail method than testing wells by pumping 
the water through a notched gauge. Unless close and 
V017 accurate reailings of the gauge arc taken, serious errors 
arise. With the recupcralitm leSi, knowing the average 
diameter of the Well and the hourly lise of tlic water over 
12 hours, little error is possible. 

At the conuuenccmcnt of the work of the Well Sinking 
Department a good deal of discussion 
Village water, took place as to what were the actual 
supply. requirements of villagers per head of 

population. In 1337 11 (ic)a8) it would have been impossi- 
ble to follow the rule laid down in moiSt text-books of 
giving 10 gidlons per head of total population for the simple 

2X 



reason that after lo years of insufficient monsoons in the 
RaichurDiaiift, such an amount of water was not available. 

Enquiry from the villagers led to no praftical result, 
as they so overstated their needs that it was obvious, 
that they were grossly exaggerating, for, if they used the 
number of pots of water they Stated per head, per day, the 
wells would have been dry long before mid-day. \Vc 
finally came to the conclusion that, when villagets have 
to draw water from a well by a rope, they use, on an 
average of 7 gallons per head of adult population, and this 
quantity covers the needs of the cbildrcn. This is taken 
as the minimum allowance and has been found to (ally 
with their needs. The non-ca£lc population use ctmsider- 
ably less. It muStbe remembeted that the village supply 
is not drawn upon continuously throughout the a4 houts. 
Drawing Starts shortly after suniisc, is at its maximum bet- 
ween 7 and 9 a.m. After 10 a.m. there is a lull ( ill about 
4 p. m. when water is drawn, off and on, till sunset. It is 
owing to this sporadic drawing and the time the well is 
allowed for recuperation during 6 hours of daylight the rz 
hours of darkness,that wells, with a moderately small recu- 
perauon, can give the necessary minimum supply. '1‘hc 
Well Sinking Department allow one well per joo head nt' 
adult population, and each well is given one pulley for 
every xoo head of population. 

There is no doubt, that terribly insanitary a.s Step- 
wells are, they allow the villager to diaw his daily needs 
faster tl^ when forced to draw by pulley and rope. This of 
course is one of the main reasons why the village! has such a 
Strong obje£bon to having their village Step-wells bltickcd 
and reconStrufted into a draw well for the purpose of 
eradicating guinea-worm which is wide spread ovci: the 
west and south-western districts of the State. The method 
of reconstruction and eradication of the guinea- worm is 
effeftedby fitSt pumping the well dty and adding sufficient 
unslaked lime to taise the temperature of the^remaining 
water to boiling point. The sides of the well is then wasfr 
ed down withthis Strong alkaline solution. By this method 
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It IS ccrhiin that both guinca-woim latvac aad cyclops 
(watcr-flca) arc killed, and it is also believed that the eggs 
of cj'clops me clcStr()3’'eJ, which will not necessarily hap- 
pen if (he well water is merely made alkaline to kill the 
parent. I'or full discussions on tWs subject of guinea- 
worm eradication sec Annual Reports of the Well Sinking 
Dcpartmeni . 

Dircdtly a pump or a hand Persian wheel is added to a 
well the amount of w.itet used and wasted increases 
tremendously, owing to cadi villager taking a bath under 
the pipe and due to the v aSteofwai or fiom excessive pump- 
ing w'hen filling pots. It was hoped to overcome this difficulty 
hy making the pump or Persian wheel deliver into a small 
ciAtern. Ilowe\cr, (he\illagetsofdiircieat caStes, although, 
quite willing, to till t hdi pots from the same well in which all 
have paddled, spat, and perhaps bailied, refuse to fill their 
pots Irom the same cisiern 1 J( is impossible to battle 
against such distorted mentality. 

It IS not every well that has sufficient recuperation to 
•Slandihe waste icsulting fiom the fitting of apump. Besides 
owing to the negligence anti deStruftive traits of ihcvillagers, 
in those cases wliere Pcisiau wlieels have been fixed, as 
an experiment, they have been broken in 3 weeks. It is 
found that it is only when the villager is induced to sub- 
sciibe to the pump 01 Pe.isian wheel, that the machine is 
taken care <»f. 

Diiiritl Oilieeis, at timc.H,are facetl with the necessity 
, of obtaining some sort of drinking water 
Iin)cjj;cncywclb. perhaps in the case of famine 01 

in the else of a tank breaching and the only available 
drinking w.tUT having run t(j wafttc. 

In such cases speeil is an important item. Wherever 
the water is Im.ited, cither in the sand of a nullah or in 
loose mtioram, an excellent temptirary lining to support the 
sides of an emei 'cncy well can he made from corrugated 
lion, l»und at die top and Ivittom with bandvS of flat 
iron like u mitnicipal du.si-bin, Sucli linings can be 
used as caissons, if suitably, weighted, and, if firStpainted 
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with £u§tpioof paint, will laSL I o years. The writer has in 
exploration work used bamboo or wattle basket-wo-s'en 
cylinders as a temporary mcasuic, witli j^reat siiccess. 

The necessity of increasing the capacity of a well fre- 
quently becomes of the ureatesii import- 
manufafturer or agttcultutiSt, 
pacityofwcS' and is a problem (hat comes practically 
daily before the Well Sinkin j> Depart ment , 
in the course of their ordinaey duties. The Well Sinking 
Department are constantly lacing shewn wells which 
villagers claim had ample water-supply ten or twenty 
years ago. Here, m such instances, two questions at once 
arise, (i) has the water-level of the locality shrunk owing, to 
longyearsof insufficient lainfall? or (a) have the fraf lures 
or crevices, which allowed the springs to (low into tlm 
well, become blocked, as has been described above on 
page 132 ? If the latter is the case, the remedy i.s easy. 
If the former is the case, sinking the well down below tlie 
water-level is the first essential. 

Now suppose, after this has been done, that recuperation 
does not come up to the needs of the population ami the 
question arises whether to sink further or whether to put 
in lateral drives or galleries, let us consider what fittlors 
should gmde our decision. 

It is at once obvious that each individual well has its 
own peculiarities, that each class of rock lias its own cha- 
racteristics and that a hundred and one fadots come into 
play which it is impossible to deal with here uidividuallv. 
The writer believes that, if the following suggestions are 
carried out, using common-sense, and the reader fully 
undetStands Aey are not written as hard and faSt rules, 
these ideas will be found to be helpful in getting increased 
recuperation ; — 

. (i) 1° gneissic or granite country, if the well is tltill 

* Ml rock, sinking should anyhow be continued 

till solid rock is Struck. 

. , When solid lock is Struck, which is apparently 
without fissures or cracks, a type of gneiss which the Public 
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VC’cn Us Department cleilncas sheet /w<ft,and t lie class of rock 
from whtch s/nm' vwklttrs-\ burn ofl’ slabs, to continue 
siiiUinj>: would he waste of moiuy. In such a ease, the 
only hope of increasm/r the recupcratKJn is to tunnel along 
the junftion of the moot am and rock, and so open up a 
larger suiface for percolation. I'hcrc is another point of 
importance to he consideied here. 

If the well in (.|ueSlion is sunk on tlic flank of an out- 
cropping boss of granitoid rock, the rainfall oIF the hill 
will sink beneath the talus andmooiam at its base, and, 
the undeilying, rock being irapeivious, ihe water will 
How down on its surface iiiio the main water-table in the 
plain beyond, l.atoial tunnels or pcrcolatton trenches cut 
parallel to the peripheij of the hill and at right angles 
tfi the, undergtound flow, will increase the recuperation. 
See I'ig. i8, below. 
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(3) The following may be taken as a rough and ready 
rule and must, like aU such rules of thumb, be used with 
common-sense. Nearly all rocks have two planc-s of cleav- 
ages, very ftequently more or less at tight angles tt) each 
other. One of these cleavages may be classilled as the main 
cleavage. Irrespeftiveof what rock formation is being dealt 
with, ifthe bottom of the well which needs greater recupera- 
uon shows fraftures, cleavages or bedding planes, cither 
vertical or dipping at a high angle, the best chance of in- 
creasing the water-supply is to tunnel into that side of the 
well into which the fissures, etc. dtp, a second tunnel being 
driven at right angles to Strike the cross cleavage. If, 
on the other hand, the fissures, cleavages etc. aie lying 
neatly horizontal or at an angle lessthair with the hori- 
zon, it is better to sink. The underlying principle is 
explained in the Figures 19 and 20 below : — 



Fig. i9,sho'ws t^tby tunnell- Fig, 20, with the water beating 

mg in rock, wito fissuies lidag clea'»agcs lying at a low angle, 

at a high angle, new water it is prefetable to sink. 

bearmg flssuics ate Struck 

quicker by tunnelling than by 

sinking. 

The question of improving the capacity of wells in. 
Ueccan Trap has been dealt with on. page 137 and, al- 
t ough an improved supply may be obtained at each parting 
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between the successive layers of hard Trap, the only hope 
of getting a really good and dependable supply is to sink 
to the next decomposed porous layer. The question, as to 
which of these porous layers hold water under pressure, is 
not yet known. \!^hcn such a layet exists, boring from 
the bottom of the well is ideal ; but, if the pressure head of 
water is but weak, the well itself would also have to be 
deepened to make it form a reservoir, in which the water 
frc)m the bore may ci Ucd;. 

Tn cases of wells sunk in latciitc, tunnels at the junftion 
of the latent c and unaltered rt)ck aic advocated. 

According (o the average ilUtciatc driller, the panacea 

Boicd wells. tlynamitc the hole and 

believe that ina'cased recuperation will 
alway.s result. This is not the case, and is the result of 
loose reading .ind mixing up ill-digc5iccl fafts, some 
probably refernng to rul wells. 

Improvement after blasting may be obtained in the 
case of holes bored in hard formations, such as quartaite 
and ay.^talljnc rocks, but it gives no results whatever in 
softer formations, A scries of small blasts arc preferable 
to a single heavy charge and, besides, the chance of damag- 
ing the casing pipe is reduced. 

" Generally speaking, in bore-holes to which pumps 
have beetr fitted, it will be found that the falling-off of the 
yield IS most likely due to the clogging of the screen pro- 
tedting the foot-valve, or some such cause, rather than di- 
minution of the recuperation 

In spite of the fa£b that the rainfall of His Exalted High- 
ness’s State is not only not high but con- 
1 . ^ praftically to the monsoon period, 

ancUub-*umcc writer is satisfied tliat not sufficient 

dams. advtuilagc is taken of the available water 

lying in the talus at the base of hills and 
plateaux especially in the Deccan Trap area. The beSt 
example oi the vurdcrlyiirg principle is the water works of 
Aurangabad, probably laid out by Persian Engineers in 
the days of Malik Amber, in tbe early part of the lylh 
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centuty. The beSl desctiption of the Katcz is to be found 
in a book “ Sub-suiface watet of Itaq, ” by A. H. Noble, 
but this ptinciplc of tecovery of sub-sutfacc water is un- 
doubtedly of Petsian origin. 

The gradual rise of the water-table, as it approaches 
the base of a hill or plateau, is illustrated in Fig. 21, and it 
is this occurrence which Persian cngincas took advantage 
of. At Aurangabad long infiltration galleries, which nuy 
equally well be described as horizontal wells, were dug 
in the accumulations of talus and soil, lying al the foot of 
the scarps of Deccan Trap which surrounds the town. 

These galleries collefl not only water from the water- 
table but, no doubt, the engmeers attanged to a>lled the 
seepage from various springs always to be found around 
the base of Deccan Trap scarps. The water from these 
galleries were led by underground tuimels, moSt cleverly 
excavated by tunnelling in eacli direftion fiom the bottom 
of small wells, carcfiiLlysunk at inlcivals, to an e.'eidl- level, 
in the direftion of the town. On the way to the town the 
gallery runs for some distance parallel with the I larsul 
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■inc gradient of the tunnel is very slight. One main 
supply out of fouttcen, is Sdll fottumttly funaionm^io 
spite of dte efctts of past Officets, trho did te g Z 
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pu^ them out of aflion. The walct emetges at the Gai Mukh, 
where it juus iuto a ciStetn. From that point the watet is 
piped into the town in crude carthernware pipes set in htne 
concicle. 'I’hc eiaginecrs here showed great skUl and in- 
genuity. Obviously rcalis^ing that their pipe line would not 
stand the total pressure, if the water was carried down at 
one Stretch t(i the total fall of the ground to the town, the 
engineers ai ranged that the water should be brought up 
by means of towers to its head and then allowed it to dis- 
charge dc»wn a patallel down-flow pipe, built into the tower, 
which connefts with the next length of main. Thus any 
scilion of pipe line could be lepaired by blocking the 
rising main and, at each of tlresc towers, distribution could 
be ariangccl, as described below. When the town was 
leached, this same principle of water towers was employed 
for distribution. 'I’he central vcttical pipe in the tower 
was the rising main foi one of its branches. Built into the 
tower aiound ilic rising main were as mmiy pipes as were 
ret]uired ioi supplying mosques, ciiterns or private palaces, 
at that point. The (op or the central rising main was 
closed witli a bra.ss pot, the bottom of whicn had been 
removed, aml.arounil the periphery of the brass pot, were 
cut slits propf^rltonuto in sine to the requirements of each 
distribution unit. 'I ’hose several slits discharged their 
water into the down-flow pipes, built into the tower leading 
to the various ci.sieins, etc. 'I'lic principle was as simple as 
it was ideal and well wfirthy of Study, for, as far as the 
writer knows, no such adequate town water-supply system 
had been even contemplated in the leading towns of 
liuropc at that petiod. 

'I'hc above gives an itlca to what great use the water in 
tiilu.scs can be put, but with modern produfts such as 
earthenware and cement drain pipes the principle can be 
much simpliiicd. 1‘igs. zz and 25 below givctwo methods 
of utilizing this water, cither by syphon or by cutting a 
trench and allowing water to discharge. 



Fig. zz. The syphon used foi witlidtawing water fiom a well nn 
a slope above a house An altct native method of obtaining a steady 
flow, IS to caity a ptl^c outwaids ftom the bottom of the 'well as 
shown. (After F. Dixey) 


Fig 23. Contour infllttation trenches connected by a single 
pipe lunning down the slope. (After U. S. A. Dept Agne.) 

Figs. 22 and 23 illustrate how seepages can be collected on 
slopes by infiltration trenches, cut at right angles to the geiicial 
slope of the ground, and each connected to the other by draiti pipes, 
the total collection of water being led into well or undergiound 
reservoir. 

PMcoktion galleries dug alongside the banks of iiiTcams 
and rivets, will often give vety copious supplies. 'I’our- 
neaure,inhis Cyclopedia fot Civil linginccts, Vol. Vll, 
quotes cases where 30,000 to 1,000,000 gallons, per day, 
having been obtained % this means. 

Small concrete walls, laid across beds of sandy nullahs 
„ , - . leading to a well sunk above flood level 

or certain means of t)b- 

^ ' taining a plenteous water-supply. The 
writer advocated a series of such dams all down the nullahs 
of the saline area in Sindhnur Taluq, Raichur DiStrid, with 
the idea of Slopping the rain watet discharging direft into 





Fiourtny ^Thtck. 



Sc 


Government CtMrBAu PRess.rYPoN CJpraET,H>»DKRABAn. 




tlw' I'uiigabhadni. Tt was hoped that, if suitable sites were 
sclcftcd, large patches of sand, saturated with water, would 
cfdleft on the upstream side of the transverse walls, sufficient 
to supph an undcrgroundcif-tcrnon the bank. The writer 
Irehevcs that if only a sufficient number of such sand-traps 
were made, the downward percolation from these sand- 
traps wouki lend m time to reduce the percentage of the salt 
i n I iie local undergrt luml wat er-tablc. Two types have been 
built as shown in plates X! and XT the latter designed to 
sil on a bed of clay, was made to the design of Mr. Asad- 
ullah, A. M I. li., the wo'iler’s assistant. A full desaiption 
of these will be found in (he Annual Report of die Well 
Sinking Deparimeni foi 1340 T^isli. 

ShouUl Government decide to carry out this scheme on 
a higRc.ile, which might be necessary if thcTungabbadra 
Dam l^rojcdl is not to bo carried out, it is hoped that the 
expense of suclx sub-surface dams or sand traps could be 
considciably reduced by making a careful survey of the 
nullahs within the saline areas an<l sele£ting sites where 
outcrops of lock cross nearly at right angles to the nullah. 
Aftcrexcavalingthe sandon (his liiicof outcrop down to 
bed rock, by joining (he outcrops by mass concrete, cast 
between temporary sun dried brick walls, it is thought 
an cilieient and cheap sub-surface dam to bank back the 
sand could be made. 

Mein/.er illuSi rates anotlicr method of supplementing 
the undcrgitmnd water-table in scmi-arid regions. In this 
case, so-called recharge wells arc sunk in the beds of 
nullahs. These excavations fill wilb water during floods, 
which otherwise would fun to wa^te, and their contents 
slowly percolate through fissures, to augment the under- 
ground water-supply. This practice of artificial recharge 
of the underground water-table is carried out to a great 
extent, in the arid regions of the U.S.A,, in south-we§t 
Africa, Ihcnch Guinea, and Hawaiian Islands. 
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APPENDIX I. 

c)t- Wmx or Bork-hole record. 

No. 

Di£lri6l Taluq Village 

Held Nc^, .Height above sea levcl+ 

Depth at whu'h water was fijJ5t Attack 

Rate r)f urupctalion. Toi fuUhcr icmarks sec back 


hert ! 

t'lom Sii.UA Remiuks 
Sutfacr 


Feet from 
SuiCace 


Strata Remaiks 


* Insert wherever possible^ calculated from neared Bench Mark 
as in Deccan Trap country it is of vital importance. 
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Jn^rmHons for filling up this form. 

It is lealised that, often, only mai^tiics ate in chaj*gc of sinking 
wells oi dulls, so thcicfoie, the minimutn information only is asked 
foi. In cases wheie wells ot bore-holes ate under control of Ofliccib 
oi others, the following subsidiary quc^tions may be kindly aiisweicd. 
(i) Depth at which watci is firSl §liuck. Natuic of Trap, 
whether compact and haid ot porous or mooiam-likcV 
A cigaiettc tin full of boiings from this point, or a sample 
from well, will be welcomed by the S. (3 ., Ct. S. D. 

(а) If well or borc-holc is Started in latctitc, was there a laigc 

increase of recuperation at jundtionoflatcriie and the un- 
altered Trap ? 

(3) During sinking or drilling, were any layers of rc^ck such as 

limestones, sandstones, ash beds etc., encountered ? 
If so, please give depth at which these were Stiuck 
and their thickness. Samples will be welcomed. 

(4) When any of the above layers Sliuck, was the rccupciafion 

greatly impioved ? Was any sub-aitcsian eftedt noticed ^ 

(5) If water is Struck under pressure, please lepoit the depth at 

which It occurred and the use in the hoic-hole, and 
lepott the distance to nearest tank. 

(б) When well or hoic completed, a report on the hourly capa- 

city in gallons, of great importance. 

(7) In othei Strata besides Deccan Trap, samples c^f boungs ()f 
rocks, differing from the normal exposed countiy-rock 
welcomed ; a report on depth at which water was Struck 
and any signs of sub-artesian cfFcdfs impoilant and cares, 
where saline water encountered, of great interest. 

All relative information about underground water in 
Deccan Trap (Marathwara) most gratefully acknowledged 
by the Special Officer, Geological Survey, who will l^c 
always glad to answet any quciics and if posstljlc 
arrange for advice after a proper inspcdlion on the 
site. 


L. MUNN. 
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APPENDIX II 

Useful Equivalents. 

I inch of lain yields 22,622 J gallons per acre, and about 14 miUioa 
gallons per square mile. 

1 inch of lain yields about 100 tons of water pei acre. 

I inch of lain juclds about J gallon of water per square foot. 

I inch of ram in a year per square mile would yield if §toicd about 
38,000 gallons per day. 

I inch of 1 am in a y cat pet acre would yield if Stored 62 gallons pei day. 
1 English acie - .<,840 square yards, 01 an area of four equal sides of 
about 69J yards. 

I culnc foot of water '"6. 25, 01 aljout 6J gallons, and weighs very 
ncaily 62 A- pounds (1,000 ounces), at a tempeiatuie of about 
40^ P . 

3 z cubic foot of watet weigh 1 net or short ton z,ooo pounds. 

36 cubic feet of water weigh i gross or long ton (2,240 pounds). 

I gallon of water weighs 10 pounds. 

224 gallons of water weigh j ton (2,240 pounds). 

The British impetial gallon equals very ncaily United States 
liquid gallons ; i cubic foot equals about 7^ U.S. gallons ; and 
1 U. S. gallon of water weighs 8.34 lbs. 

I gallon 1 . ^449 litiesr-o, 16 cubic foot, 

X cubic foot - - 28,3x7 lities ^6 , 228 gallons. 

X pint ~o 563 litres, 

I litic X. 759 pints -0.22 gallon. 

X pound -7,000 gi ains- ^0,45 56 kilogram. 

X kilogram 2.2046 pounds, 

I ounce- -28.35 grams. 

I gram- -0.0353 ounces (av.)=si5 .432 giains. 

1 yard --0.9x44 metre, 

X metre ::59,37 inchcs=3,28 fect=:i,o936 yards- 
t square foot- -o, ill square yards =0.0929 square metre. 

1 acre 4,840 squaic yards =4,049.6 square metres. 

X square mile - -640 acics. 

X square metre ---1,196 square yatds = 10.764 square feet. 
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1 cubic yard=s:27 cubic feet =46,6 5 6 cubic inches. 

I cubic metfe=!i.3079 cubic yards=} 5 . 3 i cubic feet. 

Area of a triangle base x altitude. 

Area of a circle—^ xtadms^. 

Volume of a cylinder =n- Xfadius^ x length. 

TT =3.14159, ot appioximately 3^ 

A column of water one foot high exeits a pressure of 0.435 pound 
per square inch, or 62.35a pounds per squat c foot. 

Degiees Centigtadc to degrees Fahicnheit ; multiply by 9, divide by 5 
and add 32. 

Parts per ioo,ooo into grains pet gallon, multiply by 7 and divide by 10 
Grains per gallon into patts pet 100,000, multiply by 10 and divide 
by 7. 

Grams per litre into grains per gallon, multiply by 70. 

Grams per litre into patts pet ioo,ooo multiply by loo. 

These equivalents have been absttacted from the appendix to 
Praftical Hand book of Watel: Supply” by F. Dixcy (London 
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APPENDIX III. 


I have to thank Mr. Mukherjec, my senior Assii^tant 
Superintendent, for further examining and segregating the 
available rainfall returns of the Raichur DiStrift. 

The average annual rainfall is shown in the Table T 
attached and the graph for this period for each Taluq has 
been given in Plate 1 -A. 

From Table I, the mean average precipitation in inches 
m each of ihe laluqs for this period is noted in Table TI, 
below, in thcoider of tlicir relative magnitude. The per- 
cent, igos f^f the excess over, also the deficiency of lainfall 
under, the mean avenigo of rainfall of the lespcftivc Taluqs, 
taken from the me.an annual average lainfall of each of 
the 1 aluqs, aic given in separate columns : — 

TABJdt JI. 


'J alu(| 


nci)diu;' 

Manipur 

ll.iuhui 

Simllmm 

Man VI 

CTanp,:i\%uti 


Annual 

PcicenUgc ot the 

jiiinfall 

c,Kccss ovci the 

(in in- 

mean average of the 

chc 5 .; 30 

Talucp and the 

ycMi s 
Avoja'j;c) 

nmiihei of years 

Pci cent. 

Per cent. Yrs. 

26. 

10.30 fot 14 

23.83 

15 .61 for 12 

21 .42 

6 . 27 for 7 

I ,09 

12.29 

10.95 ! 

n .34 fot 13 

70.42 1 

1 2 . 5 3 fot 15 

20. if) 

13.54 fot 13 

17*78 ' 

15 91 fot 15 


Pciccnta^i^c of the 
excess over the 
mean defi- 
ciency below tlic 
|mcan avci age of the 
Taluqs and the 
iiumbct of yeais 


Per cent. Yts. 
12.85 for 16 
15.49 
25.46 for 
12,12 for 
10.68 foj 
12.41 for 
13,48 for 
13,95 for 


j8 

23 

IZ 

»7 

15 

17 


J'roni the above Table II, it will be observed that the 
mean average rainfall of the diStridl based on the avciagc 
r>f the years rainfall, calculated from the mean annual 
averages of (he Taluqs, is u . J9 inches. In the same Table 

iS 
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is shown both the percentages above and below the thirty 
years mean of the rainfall. It may be generally aated that 
the deficiency below the mean average in each Taluq, has, 
as a rule, been pra£Hcally persistent throughout this period. 
This deficiency in rainfall, is most conspicuous in the 
Raichur Taluq for the 30 years period under review. 
Although realizing that 30 years is a short period upon 
which to base any definite principle, the writer feels that 
these figures bear out the contention expressed in the body 
of the text (page 3 etseq), that very slow, but a continuous 
tendency to desiccation is discernablc throughout the 
Raichur DiStrifl, not only from this examination of 30 years 
rainfall figures, but also from inspeftion of high water 
marks in ancient wells and the paSt history of the b'orts. 

The average precipitation, month by month in each t^f 
the Taluqs from 191^ to 1931 for lo years is added, see 
Table No. Ill attached. 

It is well known that the rainfall of the Raichur Doab 
is praftically confined within the period between Juno and 
middle of November, very slight precipitation falling during 
the remaining months. Although obvious to officers like the 
writer who have to tour during the monsoon pel iod, until 
we have many more rain-guage Stations, no proof will be 
available how curiously localized monsoon rainstorms can 
be. Constantly very heavy rainfall may occur at Mudgal, 
Mask! or Kavital 10 or 17 miles away, or even nearer, and 
not a drop fall here at Lingsugur, and vice versa. This 
condition is typical of the monsoon rainfall throughout 
the disttifk, and in consequence of the limited number of 
tain-guages very wrong conclusions may now be inferred 
from the present returns. It also seems essential that 
annual returns must be calculated from January iSt, not 
from the end of the Fasli year which breaks the annual 
monsoon period into two halves. A wide variation in the 
total average precipitation from month to month may be 
noted. The Statement shows that the largest precipitation 
of 6.31" occulted in the month of Aban (September) i.e. 
7.6 per cent, of the total average annual rainfall. The 



months of Amcrdad (June) to Azur (Odober) received the 
greatest percentage 81.12 per cent, of rainfall and the reft 
of the months 18.87 per cent, of the total average annual 
precipitation. 


L, MUNN, 

Special Officer in charge. 
Geological Survey and Well Sinking Depts, 
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APPENDIX IV 

A NOTE ON THE CORRELATION OF THE DECCAN TRAPS 
TO UNDERGROUND WATER IN PARTS OF 
OSMANABAD DISTRICT* 

By 

Dr, C. Mahadevan, m.a,, d.sc., (Macliai^) 

AssUtant Superintendent. Geological Survey Department. 
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A NOTE ON THE CORRELATION OF THE DECCAN 
TRAPS TO UNDERGROUND WATER IN PARTS OF 
OSMANABAD DISTRICT 

8°-3o'-o''&long:-75 °-2o'-o";77°-o'-o") 


During the close of 1931, the Special Officer made a 
rapid tour in parts of Gulbarga and Os- 
inttoduaion oaanabad Districts and came to certain 
tentative conclusions regarding the nature of the Deccan 
Traps of the area. Visualising the possibility of correlating 
the distribution of underground water to the geological 
Structure, he deputed the writer to go over parts of Gulbarga 
and Osmanabad DiStrifts and make a detailed Study of 
the Traps with this object in view. The field-work was 
commenced at Shahabad in Gulbarga DiStridt, very near 
the jundtion of the gneisses, the Vindhyan limestones and 
the Deccan Traps and continued towards and around 
Gulbarga, up to Kamlapur, on Gulbarga-Homnabad road. 
As no clear natural sedtion of thcTraps could be made out 
in the neighbourhood of Gulbarga, the work was continued 
from Naidrug, througli Tuljapur, Osmanabad, Vadgaon, 
Barsi, Parenda, Mankeshwar, and Bhum, in proximity to 
which route, good natural scdlions or road and tailway 
cuttings arc exposed. 

The following excerpts in extenso on the Deccan Traps 
,, , , , from Capt, L. Munn’s book on the 

“ Geology of the Untogtouod 
sources of H.E.II. the Nizam s bfatc, 
written specifically to make the subjedl intelligible to the 
layman, will help the reader to appreciate tire full signi- 
ficance of the correlation drawn by Oapt. Munn in the 
Trappean formations, between the geological history and 
the distribution of underground water, which is exemplified 
in this note from detailed field-work. 


“ Deccan Trap,” he writes, "is the remains of what was 

once a fat gtcater spread of vulcanic lava. Through the course of 
geological ages it has been enormously worn away, for traces of it 
arc found as fiic south-east as Kajahmundty, showing that once 
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probably the whole of the Ni2:am’s Dominions was ccn'-ctcd with this 
vulcanic lava. Stretching as it did at one time fiom Sind, it muS! 
have once covered an aiea of at leaSt half a million squatc* miles- 
Even to-day, in its denuded condition, the j-itesent cxi5iing^ lava 
spread of the Deccan Tiap comprises 2,00,000 squatc miles and is the 
greatest known spread of vulcanic lava in the wot Id Of the above 
aiea 32,000 square miles lie within the State limits 

“ For how many millions of years ihis petiod of vulcanic a£Uvity 
continued can only be conjcfhuicd, though it mu!>L have been en- 
ormous as the greatest thickness of these vulcanic lavas is now nearly 
10,000 feet 

“During the era frequent periods of cxi ended quiescence oC‘ 
curred, these periods were of such gtcat lengili that the molien lava 
had not only time to cool, but vegetation Plaited again, pofds and 
lakes were formed, noimal pond life, fishes, fiogs, and vcgct.ifictn 
existed, and inserts flew over the ponds. All tins wc know fiom the 
fossil remains. During this peiiod of quiescence disintcgtation of the 
surrounding area was in piogiess through lain and other noimal 
causes, and partially filled the Jakes and pools with mud, burying tlic 
discaided shells of the molluscs, dead fiogs and fishes lu^St as happens 
in a big tank to-day. 

“ The ftudy of these locks shows that suddenly tlic ‘U'cnc changed 
and with awful swiftness, pcihaps without warning, anothci vulcanic 
outbura occurred, and similaily, as happended in Gautcmala in 1929 
a fresh wave of icd hoi, highly liquid lava, 1 oiled over the landscape 
obliterating and burying everything beneath its icnibJc omush, 
From geology wc also Icam that the pjoccss ofAmlcanic oullmrSt at 
Umes changed from the welling-out of highly liquid molten lava from 
vents, and for a period vast masses of ashes, and scoria were ejected, 
which wc now find as interbeddcd ash-beds between the Liycis ol 
ancient vulcanic lava, 

“ A casual examination of these layers of lava, exposed in cuttings 
and escarpments, shows that they have cooled and wcathcied in very 
di§lin£hve and different ways 

"But, bcfoie any Start is made m the cxyimnation of these la\.i 
flows, the reader muSt more fully reali:^,c the vulcanic process, and it 
must be the writer’s endeavour to explain the probable sequence of 
events so cleatly that they become piaftically vb.ualizcd to his 
imagination. 

The reader mu^t attempt to speculate huge deep Jong tents 
suddenly forming the continental cruSl, so deep as to give release to 
the underlying magma, the compressed molten lava, on which our 
contments rcSl, or float The pressure thus released would allow the 
molten matter to well up to the surface at a temperature of some 
1,200 C, and pour out like wlute hot flmd metal over the sui roundini^ 
country. Some cause Stops the flow of lava, and, for a period, )ud 
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as occurs to-day in the vulcanic ateas of the world e.g, in Japan, and at 
Vesuvius and Etna in Europe, a pciiod of quiescence of unknown 
and uncertain length follows. 

“ The thickness of the hot lava that has flowed out fiom the vent 
will vary in each eruption according to its magnitude and duration. 
The lava layer will cool rapidly and owing to its natuie, will immediate- 
ly $tart to contraft and become fissured. This process would be 
specially assisted if the overheated surface were suddenly quenched 
and chilled by heavy downpours of lain, which fiequently accompanies 
such vulcanic disturbances Then the period that elapses between 
the fir^t and the following ontfloWvS decides the amount of surface 
disintcgiation and denudation, that each special individual layer 
undetgoe.s. 

Foi teasons, not yet fully explained, each succeeding outflow 
of white hot magma is not always of the same chemical composition 
and, as Stated alx^vc, probably fot this teason, besides otheis, thcii 
Struduic after cooling owing to sudden conttadlion, assumes many 
different aspc£ls. 

“ 'rhe leader niu^ clearly grasp the fa£l: that these outpourings 
of molten lava did not always Statt from the selfsame vent, not 
cvenfiotn the same locality and, at times perhaps, several vents were 
funftioning at the same time. This will account for the reason why in 
one area we may find the sequence in the order of lava layers consist- 
ent throughout, whereas in another area, but a short distance 
away, the sequence may be cntitcly changed, though perhaps having 
some recognizable layers in common. This is clcatly portrayed 
in the accompanying seftion, if read in conjunftion with 
the map. 

As the objeft ot the work was to segregate the corrcla- 
. - , , . , tion of the geological Strata and the dis- 

Methods of of underground water, the 

sequence and thickness of the flows had to be clearly 
Studied. A Watts & Son’s surveying aneroid 3" diameter 
with vernier adjustment, capable of reading correft to the 
foot, was found mo§t helpful for the purpose. C^erally, at 
every camp, the hourly barometric variatjons during the day, 
for two or three days, were determined. It is fotuid that even 
during the hot dry season before the monsoon, the differ- 
ence between the extreme readings in z4 hours would be 
as much as too ft, or even more. A Study of the barometric 
variation graph at each camp indicated the tendency of the 
diurnal variation. An absolute correction for the daily 

»4 
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use of the baromctei even in that camp could not be deduc- 
ed, as the variation diffets fiom day to day, even during 
the cottesponding hours. Usually, the altitude of the 
camp was determined accuiately with the help of the 
barometer, from the nearest G. T. S. Trig, point, Bench- 
Mark, or interseftion point, after making the nece.ssary 
correftion. Thus the camp was always one point of re- 
ference for barometric coricftion. Then if the work 
entailed Stopping at the same place for any shf)it time 
interval, as even 10 or 15 minutes, the baromctiic varia- 
tion during this period was noted and the rate of rise or 
fall of the barometer during that part of the day could be 
deduced for the correftion. If any G. T. S. Trig, point. Bench- 
Mark or interseftion point was near by, the barometer was 
further calibrated with reference to that point and the cor- 
re£Hon carded out accordingly. By a judicious use of such 
methods, it seems, that during non-monsoonic scasoiw, 
altitudes could be determined with a good surveying an- 
eroid with a sufficiently fan degree of accuracy foV the 
purpose of the enquiry. 

While recognising the great utility of the aneroid for 
geological work of this nature, it is well to remember the 
limitations and occasional elements of uncertainly m this 
method of computing altitudes. A sudden atmospheric 
eccentricity is not an unusual phenomenon ; sfimctimcs, a 
Strong jerk or shock received by the instrument vitiates the 
degree of accuracy of the readings. There arc other prafti- 
cal difficulties which need not be enumerated here. 

In a few places, while taking transverse scdlions, 
necessitating levels perhaps every hundred yards, the 
Abney’s level was used for deducing the levels as no Indian 
clinometer was available. As this process entails cliaining 
the whole distance, thus impeding the rapid progress of work, 
this method was resorted to only on necessary occasions. 
The aneroid is generally found to answer the purpose 
satisfaftorily if used with constant checks and calibrations. 

The altitudes and sequence of the various beds of the 
Trap flows exposed in the natural cuttings, nullahs, ghat 



roads, etc., were initially noted Then, loys o£ well sefttons, 
in eacli area were iccordcd. In ihc following paragraphs, 
the summary of such an cnc[uiry are recorded and the 
whole enquiiy clearly illustrated by the attached seftions. 
Naldrug is a small town on the bank of Bori river, with 
N'llchur ^ beautiful ancient fort. Several natural 
seftionson the liver bank may be found 
in the neighbourhood. I’he following sections noted 
about z miles and 4 miles south of Naldnig give the order 
of sequence of the flows between i,7-i(5 f(. and 1,655 ft- sea- 
levels, 

'rABI.h, 1. 

.''I Ij/Z/od war tho jwulmi of iUiandul nullah and Borl river, 
4 wiles south of Naldruv- 

1,700' — i ,68 5 ' Bedded, jointed t ock, in parts, exfoliating. 
1,685' — 1,670' Much jointed, decomposed rock and 
mooiam. 

1,670' — 1,65 5 ' Bedded, jointed non-exfoliating rock. 

TABLli Jl. 

I 'ertteal section by the side of Bori river, z w/les south of Naldr//^. 

1,745' — 1,697' ^ laj'crs (tlic jundtion being masked by 

talas) an upper bedded, jointed rock, a 
middle exfoliating, and lower jointed 
rock. 

1,697' — 1,678' Bedded, jointed rock, in parts exfoliating. 
1,678' — 1,665' Much jointed, decomposed rock and 

mooram. 

1,665' — 1,654' Non-exfoliatmg, bedded, jointed lock. 

The term ‘Mooi.im’ is here loosely used to denote a much de- 
composed rock which does not retain its oi iginal charatters and Ls 
neaiiy completely altered, (t is often pink or icd with various .shades 
of those culuuis and frequently contains the secondary puoerals such 
as Stilbitc, apophyllitc, hculanditc, nalroiite, calcite, which go by the 
name of t(eolites. Mooram in wliich these zeolites are frequent 
are described as mooram. They ate quite porous and arc 

often hardened. These hardened zcolittc mooram layers are generally 
good aquifeis. 
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Slight local §ttu£hxtal diStuibanccs are noted in the dis- 
position of the laycts near Naldrug. Between Naldmg 
and Shahput 7 nnlcs due south, thetc arc a number of 
wells, mainly for purposes of irrigation. Some of the bc. 4 t 
wells, i.e. those affording a good supply of water, may he 
enumerated here. TheTulsiramand Ramji Patel wells in 
Guznur, which are each said to supply waicr for two 
mhotes all through the year and the Gai Mukhwcll inWag- 
dari arc seen to be between 1,670' and 1,700' levels, witli 
the water level in the mooiam layer, between 1,670' and 
1,685 '• At Shahpur village, 7 miles due south of Naldrug, 
(general ground level 1,644'), absence of water- 

bearing layers up to now untouched by wells, there is 
water famine in summer months. It may be seen that the 
prolific wells are all situated in decomposed lava and 
mooram. 

Tuljapur is the taluq hcadquartci s with a c<'>nStant 
floating population on account of its 
attraftion as a place of pilgrimage to the 
Hindus. It is juSt on the brink of the 2,000' plateau. 
Several seftionsof the Trap flows may be seen in the neigh- 
bourhood. A good sefldon of the 'I'rap country between 
2,100' and 1,650' may be observed along the Osmanahad- 
Sholapur trunk road, between the 15 th miloftonc near 
Tuljapur and Malumbra and beyond. A transverse se 61 ion 
was taken along this road from 14th milestone to 22 m. 
3 f.. Stone S.S.W., of Malumbra — ^from 2,070' to 1,658' 
levels. A separate note on this has been submilled. The 
sequence of the successive lava flows as noted while making 
the transverse sedion, is given below : — • 

TABLE m. 

Section along Ttiljaptir-Sholapuir road, 

2,070' — 2,052' Bedded rock, highly decomposed along 
joints. 

a, 05 2' — 2,033' Moderately compaft, bedded rock, some 
decomposition in joints. 



z,o33' — 2,013' Massive bedded rock, oaly surface wea- 
thers ted. 

2,013' — i>962.^ Two layers of mooram — an upper red and 
a lower pink-violet zcolitic. 

1,962' — 1,943' Compaft, typically exfoliating rock, 

1,943' — 1,950' Bedded rock, highly decomposed along 
jomts. 

1,930' — 1,905' Friable mooram. 

1,905' — 1,881' Compaft, typically exfoliating tock. 

1,881' — 1,836' IJaidcncd zcolilic mooram, 

1,856' — 1,840' Massive, compad rock, only surface 
slightly weathered. 

1,840' — 1,822' Isxfoliatcd rock in decomposed matrix, 
1,822' — i,8oi' Mooram with rare cxfoliat ing boulders. 
i,8oi' — 1,770' 'Iwo layers of mooram. 

1,770' — 1,762' Highly jointed, non-exfoliating cock 
1,762' — 1,749' Red mooram. 

1,749' — -1,740' Jointed, bedded rock. 

1,740' — 1,728' Hard, conipaft rock, 

1,728' — 1,715' Oompiuft, exfoliating rock. 

1,715' — 1,700' Bedded, joint ctl rock, 

1,700' — 1,680' Jointed tock, exfoliating. 

1,680' — 1,663' Jointed, dccompfjsed rock and mooram. 
1,663'' — A highly bedded, non-exfoliating rock. 

Where the exposures were not observable along the line 
f)f sedion, the sequence of the beds have been deduced 
from examination of the sides of the wells in the vicinity. 
Another inStnidivc ghat section may be met witli on the 
way to Apsinga, 4 miles north-noith-wcSi frf>m 'fujlapur. 
The following sequence of the beds noted during the tra- 
verse is tabulated here. 

TABLE TV. 

Section 1 m/eSS.U., of Apsinga^ along Apstnga^Tuljapur track. 

2,1 50' — 2,1 27' Jointed, compad rock, in parts exfoliating, 
2,127' — 2,095' Jointed, bedded, much decomposed rock, 
2,095' — 2,076' Exfoliating boulders and zcolitic mooram. 



2,076' — 2,052' BeddcJcl jointed rock. 

2,052' — 2,030' Two layers of jointed rock. 

2,030' — 2,0x5' Bedded, compadl rock. 

2,015' — 1,980' Red and pink 2colilic mooram. 

'Tuljapur town is subjected to severe water famine in 
- , ,, , , spite of the fa6V that there arc not less than 

Tuliapui.*^°^'^ about forty large wells and .several smaller 
ones. The water-level in the town proper 
was from 40' to 50' below the ground-level iluring /\pril 
and the recuperative power of the wells is saul to be pool . 
A reference to the tables 3 and 4 shows that between 
2,060' and 2,015' levels, there arc no layeis capable of 
gfli ng as good aquifers. The layers below 2,0x5' down to 
1,970' are seen to consist of what is described as ‘ i^eolitic 
mooram.’ The Pachunda well, a mile eai^it of luljajuir, 
which supplies water to 'luljapur town in severe drought, 
is excavated in zcolitic mooram between 1,990' and 2,020'. 
'The Pachunda well is unlincd exposing a good scttion tn 
the sides. Below soil and kunkar, is a thin layer of liaixl 
jointed rock, under wliich, the aeolitic mooram layois are 
clearly visible. These mooram layers arc the watei -bearing 
Strata. Though the wells in Tuljapur have gone mueli 
deeper from ground-level, they have not penetrated tliis 
layer of mooram sufficiently deep to ensure a good supply 
of water. Besides this, there is the physiographic fadlor of 
the situation of the town of Tuljapur right on the edge of 
the 2,000' plateau. The extent to which this feature aifedts 
the retention of underground water has also to be taken 
into consideration. 

JuSt due south of Tuljapur, at the foot of the hill, is a 
well excavated some seven or eight years ago, which is 
said to be perenmal and supplies a betel-leaf garden. An 
examination of the sides of this well reveals the fait that 
below a lay^er of exfoliating lock is exposed a bed of com- 
padt zeolitic mooram ill which may be seen the aquifer. 
This layer is between 1,855' and 1,880'. A rtSercncc to 
Table 5 (and to the sedlion) indicates that this corresponds 
to the Wd zeolitic mooram layer below an exfoliating bed. 



bct\x'’een the above sca-levcls. Several good irrigation 
wells, such as bhagavan NFali’s well, in Apsinga, about 4 
miles N.NAV., of Tuljapur, thaw 1 heir supplies from the 
same Jsctilitic inooratu layer. 

The gn lups of wcl Is in Sindphal, near the 1 6th milestone, 
Osmanabad-Sholapur ttunk load, are sunk between 
1,770' and 1,805' layers. Ta Dokhn village, about 3 
miles NAX'., of 'I'liljapur, good irrigation wells arc found 
drawing thcii waier supplies from between the same sca- 
levcls, all from I he same y, oolitic mooram Layer. Thus, the 
villages of Sindplitil, Delclin and Apsinga are thriving and 
prosperous due to their being loeatetl at elevations quite 
favouj able fori apping a g,( >(>d supply of watet at convenient 
depths from the geneial ground -level. 

'fhough several wells may be noted between 1,770' and 
1,660' between Sindplial and hfalumbra and beyond, they 
diy up in sumnu r, due to liieir having been excavated only 
in comparatively more compad beds f)f the trap. With a 
judicious .selei^Uon of a site if only slightly deeper 
sinking was carried out perennial water at a moderately 
shallow depth would undoubtedly be Struck. 

^Dsmanabad is the headquarters of the di^tri£l, about 
jcz miles due noith from Tuljapur town. 

Osmanaliad ^ fairly gtxul natural seftion may be noted 

in the vSicklhc.swar temple valley, wc-St of the 5th milestone 
on the Osmanahad-Snolajmr road, near Wadgaon. The 
sequence of the llow.s, as noted In the Siddheswar temple 
valley is tabulated below ; — 

TABbli V. 

Seelm in SiMhiswar Tetfjple valley, 

2 ,i 6 o' — a, 145' Bedded, compaft rock. 
z,X4j' — 2,127' Exfoliating layer. 

— 2,086' Higldy jointed rock, much decomposed 
in parts. 

2,086' — 2,070' Zeolitic mooram. 
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Another natutalse( 9 doii, Studied from Osmanabad camp 
was in the neighbourhood of the Lena caves, about z miles 
north-weSt of Osmanabad. 

TABLE VI. 
at Leaa cams. 

2,257' — 2,239' Jointed rock, in parts exfoliating. 

2,239' — Non-exfoliating, jointed rock. 

2,208' — 2,185' Jointed, much decomposed rock. 

2,185' — 2,157' ^ layers of zeoliiic mooram. 

2,157' — i.iio 2 layers of rock, the upper layer being 

jointed and compaft and tlie lower 
layer, exfoliating. The junftion of the 
layers cannot be clearly defined, due to 
talus cover. 

Attention may be drawn to the similarity of sequence 
of the corresponding lava-flows in the neighbourhoods of 
Tuljapur and Osmanabad, two places situated as fat apart 
as 12 miles. 

Osmanabad town docs not suffer much from water 

WeUsandwater-£f^^®' severeft drought, 

beating Strata in This seems to be due to the fa£^ that under 
Osmanabad town, a thin mantle of harder rock, are to be seen, 
the softer, more porous layer (thezcohtic 
mooram layer beds) between 2,155' ^ ^>185'. In the bed 
of the nullah which runs through the town arc seen several 
springs. All these springs in the bed of the river arc 
located in the zeolitic mooram layers. The irrigation well 
of Gafoor Sahib, in which is installed a centrifugal pump, 
is also sunk to about the same level (2,155' — ex- 
posing the soft, decomposed mooram layers in the sides. 
The well has gone down right to the base of the mooram 
layer. Besides these, several wells were examined in the 
town proper ; the aquifer in all these cases is the zcolitic 
mooram. In some cases wells have been sunk below that 
layer, and have penetrated compact rock. 
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Dutiftg the course of the field-work, two bored-wells 
Boictl tuhe examined in Osmauabad (own. It 

wcU? in Osman- be meirtioiicd here that the town of 

abad town Osmanabad is built on the sides of a 

valley, the diffeiencc between the highest 
and the lowest parts of (he (own being quite as much as 
50-60'. On account of tins feature, the problem of drain- 
age of the town beciuncs highly complex. The instance 
of the bored wells in question excmplitics how an absence 
of (he proper appreciation of the geological conditions of 
(he sub-stratum has led apjiaicntly to anomalous results in 
the same (own. 

The Sowcai’.s lioied well, situated in the highCvSt part of 
the town which is on about 2,220' level, and is said to 
have been drilled to a depth of loo' below the ground-level. 
'I’his reduces ihedcpth ofihe bottom level of the bored well 
to 2,120'. It docs not lap an aquiferous layer, but pene- 
trates into a bed which is decomposed and mucli jointed; 
perhaps capable of tetaimng water in the wet we.irhcr but 
not in drought. 'I'lie owner considers it a failure. The 
bored well belonging tnllbiahim Sait is ad)accnt to the 
nullah, whole the ground-level of the collar of the lube 
well is about 2,170'. 'I'bc depth of the borcd-wcll is said 
to be about 90'. Reducing (he level of this second bored 
well, t he hot tom level of 1 heVcU works out t o 2,080'. It will 
be seen from Table 4 and (he Sedtion, that this is the level of 
the zcolitic mooram-like layer, a rich water-bearing ftrata. 
'J'hc owner meets with adequate supply of water all through 
the year. 'I'hc Sowcat wondered why he had not got 
enough supply in his bored well, even though it has gone to a 
depth of 100', whereas, anothci person was luckier, going 
down only 90', in (lie same town. When it was explained to 
the So wear that the general ground-level of bis locality was 
about 40' higher than, the ground-level at librahim Sahib’s 
well and that though the Sowcar had gone no' from 
ground-level ho had still not gone deep enough to lap 
the water-bearing Strata which happened to be penetrated 
by the 90' bore of Hbtahim Sabib’s well, he quickly grasped 
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the simple reason foi the anomaly. This instance is detailed 
here to emphasise the necessity underStandinj:: the ,i>oo- 
logj’^ofthesub-Stiatum wlu’le tackling problems of unclcr- 
ground water resoutccs- This is a clear instance of how 
useful ourteseaich will he to the Boring Supetintcndcitt of 
the Agricultural Department. 

In' the Siddheswar tcmp'c is a well called “ C'lnki'ulha- 
ra ” which is said to be perennial afffinling 
Perennial wells adequate water to the thousands of pil- 
around Osman- gnmswho are Said to inuStcr for a fair in 
summer. The ground-level of the collar 
of the well is at z,i09', the aquifer being between 2,090' 
and a, 070'. From a rcfeicnce to 'fables 4 ami 5, and the 
Seftion it will be seen that this is the zeoliiic mooiam like 
layer. 

The perennial weUs in Vadgaon aic between z,x()o' 
and 2,190' in the mooram layers (vide 'fable 6). 'flic I xnii 
caves are excavated in the moomm laycc.^ betu'cen about 
2,160' and 2,190' levels. Several eool springs in the 
caves, even at that edge of the tableland, hold fi<»m time 
immemorial the reputation of being perennial. The 
Kapildhata is a perennial spiing about z miles west of 
Osmanabad, between 1,995' and z,ooo', in zccilitic mooram 
layers, (videTable III), 'fliisis said never to have diied 
up and water from this spring is utilised for pm poses of 
irrigating some lands lower down the valley. 

The country between Osmanabad and Vadg ion is soil- 
coveted and few scftions are expoicd w’heie the sctjuencc 
can be Studied to any appreciable extent. 

Good sc£Hons of the Trap country fiom 2,400' to 2,000' 

VadMon. neighbourhood of 

Vadgaon. Some typical examples arc 

tabled below : — 


TABLE VIL 

Vertical section in the nei^bourlmd of G. T. S. Trij^. stn 
(2,248') Boinadevi. 2 miles of Vadgaon. 

— 2,222' 2 layers of decomposed rock. 
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i,222' — 2,208' Jointed rock, exfoliating in parts. 

2,208' — 2,187' Jointed rock, weathered in parts. 

2,187' — 2.,i6o' Hardened zeolitic mooram. 

2,160' — 2,144' Compaft, jointed rock. 

2,144' — 2,117' i layers, (jumaion talus covered) an upper 
jointed exfoliating and a lower exfoliat- 
ing rock. 

2,117' — 2,090' Decomposed rock, much jointed. 

The sedlion is taken from Bonadevihill down a nullah 
running westward, towards Ukadgaon. 

Some sedhons 5 miles north-weSt of Vadgaon, near the 
lidai temple, (Ycrmda) give the sequence of the flows be- 
tween 2,400' and 2,300' levels. 

TABJ.li VJII. 

Seeliott hefmen the Juki Temple and a well in the valley. 
2,560' — 2,348' Exfoliated rock. 

2,348'— 2,322' Red friable mooram. 

2,322' — 2,305' Compadl jiink mooram with occasional 
exfoliating boulders. 

2,505' — 2,291' Jointed, bedded rock. 

TABLE IX. 

Another section from the IJdai temple to the foot of the hillock 

on which a situated the temple. 
a, 395' — a, 380' Jointed rock, in parts exfoliating. 

2,380' — 2,360' Brown, friable decomposing lock. 

2,360' — 2,345' Exfoliating lock. 

2,345' — ‘2,305' 2 layers of mooram, an upper red and a 

lower pink mooram. 

Another good sedfion near Ramling temple, about 3 
miles south of Vadgaon may be Studied with advantage. 

TABLE X. 
lAear Kamling Temple. 

2,200' — 2,187' Jointed rock. 

2,187' — a, 160' Red mooram, lower layer, highly decom- 

posed, mooram-Uke and weathered rock . 
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2,160' — 2,140' Jointed tock. 

2,140' — 2,150' klxfolkiim!: rotk. 

2,150' — 2,1x7' Massive, jointed tock. 

2,117' — 2,089' Much wiiUheicti t\pc, with cxioli.it joi; 

boulders under whicli, lH\i',ins just, a 
zcolit ie moot .im layi 1 . 

It is again of intcieM to note ihut the cuircipomlmg 
Trap-flows both aroutid ( )siuana 1 r.ul and Vailgaott show 
the same order of sequence, ihougji sep.iiated l>y i di.statu'r 
of about I j miles. 'I'he similai it} of the it i.it i ox or .1 wide 
area to which the Special Oflicei d tew attention in Ids 
description of the Dcccati-dVaps (Inc. cit) is cle.ttly eNcmph- 
fied from tlxc above observ.it i< mti. 

Mitchuraski's well about a furlong e.titt of ^‘eI^n.ll.l is a 
Perennial wclU irtigiU ton well. 'I'he bottom of the 

aiound VadKaon & Well IS 30' fioin the groutld lexel whit h is 
in the ncighboiii* at 2,33 5'ahoxe sea level. The unlined 
hood. i-vpo.se ft iable led nn n natu 

and a lower harder pinkish moot. tin 'like liytr. 'I'he well 
is said to be about the beSt aiound ^’ermal.i. A lefeienee 
to Tables 8 and 9 shows that this level cotncitles with the 
mooiatn layers between 2,305' and 2,345'. At ( hor.ikhali 
ate several good Wells. The ground- level of the Kagjhert 
belonging to the Mali-palel is at 2,191' and a little below 
the ground-level may be seen zeoliiic tnooratn, which i.s 
said to extend to the bottom of (he well, /.t., to 1,265' 
level. We sec at once from a teference to the 'Iable. VII, 
that this corresponds to the sscolitic mooram layer Iretw'cen 
2,160' and 2,187'. Ramnarain’s irrigation W'cll .south- 
east of Chorakhali is another good irrig.uiou well, with 
Stone lining. The ground-level is at 2,204' w.iter- 
level is 12' below ground-level and the aquifer is 26' 
below G. L. between 2,190' and 2,164', I’his, as will 
be seen from table VII, is the same 2,187 — 2,160' zcoliiic 
mooram layer. 

'The perennial spring near Ramling temple i.s at the 
2,080' Ipel in pink mooram layer. (Sec Table V) 
Several irrigation wells in Demarvadi arc between 1,930' 
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and 1,900' layers. As may be seen from the Table, this 
corresponds to the friable mooram layer between 1,930', 
and 1,905'. Tt may incidentally be remarked here that the 
friable mooram does not seem to be quite as good an 
aquifer as a haidcned aeohtic layer. In Cilincholi, some 
irrigation wells suppoit good cultivation. The water-level 
inmost of these eases arc between 1,801' — i,8ao' inzcolitic 
mooram layers. 

'I'hc 2,200' plateau fornis roughly the north and north- 


lUisi and 
cnviionmcnis. 


ca^iern boundary of Barsi (aluq and Steps 
down almost, abruptly, towards the weSt 
of Yeimala, Vadgaon and Kamling, to the 


1,800' contour. A great part of Barsi taluq is between 
x,6oo' and 1,900' contours with few prominent hills or 
ridges. Natural seftions and vertical clilfs arc almost rare. 


though the .Sluily of wells and other minor cuttings afford 


inlctcSling data. 

In the town of Barsi itself, may be seen scores of wells. 


most of them arc peicnnial and water-level in all the cases 
is between 1,660' and 1,680' levels, in mooram. We see 


fiom a icfeiencc to the Tables i, 2 and 3 that this is tlic 


layer of much decomposed rock and mooram. In some 
of the irrigation wells, the scftion is well exposed and the 
decomposed mooiam layer can be easily identilicd at and 
below the water-level. The big well in bokaraanya Cotton 
Mills IS about 100' long and 30' broad and the water-level 
is 15' below the ground-level ; the unltncd sides expose 
^oolitic mooram and decomposed friable rock, under a 
mantle of soil and kunkar. It is said to be quite adequate 
for all the requirements of the mill. 'J'hc Pangti railway 
well is a perennial source which supplies large quantity of 
water to the locomotive engines at the Pangri watering 
Station. It seems to be in soft mooram, probably corres- 
ponding to the layer between 1,749' and 1,762'. Between 
Pangti and Kuslamb, several irrigation wells may be met 
with, between 1,700' and 1,750' but these ate said to diy 
up in times of drought. South of Kuslamb, towards 
Dhotre, may be seen irrigation wells, with tlac aquifer 
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between i.yyo' and ],8oo'. The sides expose /.colit ic 
mooram and the wells aie said to have good iceupeialion. 
On the Baisi-Shola]->ur road, very few wells are seen be- 
tween 1,680' and i,6jo'. Nuir the 40 m. 4 f. Slone on 
the Sholapur-Barsi trunk road is a well lx-t\voen 1,655' 
and 1,675'whichis said in yield waioi fot dtinking purposes 
even dating drought. The mooiamheds in the sides of 
the well composing the aquifer, can be seen easiU, (see 
Table III). Some good iingation wells south of P.ing.ion 
(5 miles south of Harsi, Hatsi-Sholapur dunk mail), ate 
between 1,660' and 1,680', in. mooram. At Virug, further 
on the same road (15 miles S-S-lt of Bat si), the wells arc 
only sunk to between 1,580' and 7,6x5' seilion.s 

expose only bedded compact rock to great depth, itt conse- 
quence the place sufiers from water scarcity all tluough the 
year. Going weSt-ward from Bars! for ab(>ut 4 miles, 
towards Parenda, on cilhci side of the road for Baisi, we 
seem to recognise the sequence of the lieds to be in con- 
formity with what has been obsci veil along the Naldrug, 
Tuljapur to Barsi Scftion. 'I’hus con clat ion of the beds and 
identification of the aquifers has been clearly proved over a 
length of 60 miles. Beyond ibis point, as we approach 
Parenda, the charafliers of the lava layers arc cntiicly 
different. 

We arc now entering a separate volcanic zone. 'Phis 
fa£t expresses itself in several indircil: ways. The soil is 
much mote loamy here, with a reddish tinge. Amor- 
phous silica IS developed in profusion in almost every layer. 
The zeolitic beds are not so prominent here as in the other 
area. 


Round about Parenda, very few natural seftioas aic 
exposed where the sequence of the beds of 
KukedgSn Trap flows can be noted In the 

® ‘ absence of natural cuttings of any appre- 

ciable thickness, the succession of beds in this area can 


only be deduced from logs of well sedions and other minor 
cuttmgs. The following sequence is thus deduced from 
the data afforded mo^y from well sedions. 
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TABLE XI. • 

Sequence of the beds of fbe trap-flows around 'Parenda-Kukedgaon. 

1,900' — 1,880' Bedded, jointed rock. 

1,880' — 1,865' Highlydecomposed cock, mooram in parts. 
1,865' — Ivxfoliating topk. 

1,847' — ’'>855' Bedded jomied rock. 

I > 8 3 J ' — 1 ,820' 1 ''xfol iati ng rock and mooram with zeolit es. 
1,820' — 1,802' Typically exfoliating rock, in places, 
bedded. 

1,802' — 1,785' Bedded, jointed rock. 

1,785' — 1,765' I'.xfoliating layer. 

*,765 "'-1,747' Much jointed, decomposed type. 

1,7^17' — 1,7^4' Jointed, bedded rock with abundant am- 

orphous silica. 

i,72.j'— 1,696' Red zcolitic mooiam-like layer. 

1,696'-- 1,683' Zcolitic mooiam? 

1,683' — 1,673' Jointed rock, in parts exfoliating. 

1,673' — 1,650' Red, haul mooram, with calcile and some 
zeolites. 

1,650' — 1,634' h’xfoliating rock. 

1,654'- --1,617' Mooram with occasional exfoliating 
boxildcrs. 

1,617'- -1,602' Red due powdery mooram. 

It has to he emphasised, that as it is only possible to 
coa^liudl the above seftion from observations from the 
well s<*«?tions, slight variation in the thickness of the beds, 
or of their nature, may be possible Even allowing these 
possible cfiois the sequence of succession of the Trap- 
flows is fairly satisfadlory, confirmatory logs were obtained 
from the widely distributed wells noted in this taluq. 

We see from a comparison of the seftion around Parctida 
with the sequence noted in the neighbourhood of Naldtug, 
Osmanahad, Vadgaon and Barsi, that the succession and 
nature of the beds around Parenda are entirely diflfetent 
from those noted around the other places. The most 
remarkable feature noted even from superficial observation 
around Parenda Is the abundant development of amorphous 
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silica in its various forms in almost all the layers, and the 
frequent spreads of red loamy soil in contrast to the B. C. 
soil which chaiadlciises the other aica. Green tnciuSiation 
in the zcolitic mooiam-like layers is aitf)thcr special 
feature around Parenda. Due to greater porosity of the 
soil here, moisture is not retained for a long lime and irriga- 
tion wells become a dire necessity for cultivation. 

Several good irrigation wells between Deogaon and 
Shiral ale between 1,650' and 1,673' io ze.oliiic mooram- 
like layers ; between 1,683' and 1,724' the layers of mooiam- 
like and decomposed rock with or without xcolilcs, act as 
good aquifers. Several wells in Parenda town and in 
Javla, about 10 miles P..N.K., of Parenda, typically iUu.^1 rate 
this condition. Between 1,750' and 1,765', a much jointed 
and decomposed type is the walcr-bcaiing Strata, 'fhe 
perennial wells in Kandati, about 7 miles north of Parenda, 
arc situated at this level. The 2;colitic mooiain-likc layers 
with exfoliating boulders and highly decomposed lock types 
between 1,800' and 1,855' adl as aquifers. ‘J'he perennial 
wells at Knkedgaon, Katala, V.kbur5wadi and Vale, (all 
north of Parenda), are situated between these layers. 

At, and in the neighbourhood of Mankeshwar, the well- 
Mankeshwat scdioiis expose abundant kunkar In the 
top-layers. l.owerdown, may be seen 
in some of the deeper wells, kunkar with water-worn 
pebbles and boulders in the matrix. These kunkat beds 
are about 30 or more feet thick and can he traced along the 
well-seftions up to Shekapui. 

It is not intended here to go into minute details of the 
. geological significance of the occurrence of these different 
zones, each showing a particular succession of the Trap- 
flows. This has been lightly touched upon in the opening 
paragraph of this note From the presence of the thick 
beds of kunkar around Mankeshwar, and the prominent 
development of the pink and ash-colourcd mooram-Uke 
lay«s near Ashta, 4 miles N .N.W., of Mankeshwar, it seems 
probable that the boundary of the two flows, ph^, the flows 
exposed in seditions from blaldtug to Bars! and this Parenda- 



Bhum area, may be roughly drawn from Bhum through 
Mankcslnvar, Sirsav, to Uplai, about z miles south of the 
nth milcSlone PiireiicJa-Barsi trunk road. The absence 
of good natural cuttings greatly handicap in the Study of 
the area. Places situated to the east of Bhum-Mankeshwat 
-Sirsav line seem to belong to the firSt mentioned series 
of itap-llows. No reliable sequence can be made without 
a core drilling at several points. 

As was pointed out earlier, tliis field-work was conduft- 
^ . ed with the main objeft of trying to under 

.< is'cu*'- (he relationsliip of the distribution 

of undergiound water to the geological 
formations. 'Ihc met hods of Study followed to eluci- 
date tilth point iiave been briefly elescribeil in the opciimg 
paragraphs of this note. Brom the icsults which have 
iiecn tabulated luid described, attenti<inmay be drawn to a 
few salient points. A word of explanation seems necessary 
with legal d to the nomenclature used in describing the 
various beds of the 'Irap-flows ; in natural sc£tions as 
well as in other cuttings, the successive layers can be easily 
ideal ifiod from certain general charadlcts which extend 
over the whole area where the sequence noted holds good. 
The names given here are purely descriptive, based mostly 
on weathering and do not have any pctrologicd significance. 
Ixically, it is* not unusual to lind a combination of two or 
more types of weathering exhibited in the same layer, but 
this is only an exception and ctich layer gcnctally shows 
.some charadtoriStic type. Thccontadls between the layers 
are usually well-marked and sharp. Sometimes, we see 
greater alteration of the layers in the iimncdiate vicinity of 
tiu: coutadt planes. Rarely, these attain a thickness of 3' 
01-4' and simulate a thin How of 'J'rap. A dose examination 
of the rock however establishes its identity. 

The horizontality of the flows over extensive ateas may 
. , be adlually seen on the edge of the tablc- 

f ^ ^ lands ; for several miles, as we walk along 

the foot of tire 2,000' tableland, these 
successive beds can be easily traced and followed. Dips 
2 $ 
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as such ate vciy late, or absent, though here and there, 
some disturbance tn the disposjtk)n of beds may be noted 
purely due to local causes. Such dips arc seen, for in- 
stance, at Kesat-Kadaka, ‘Ramiirth and several places near 
Naldrug. Vety probably the anomalies obser\ed neat 
Naldrug in the thickness of the beds nray be due to this 
reason. Similar disturbances may be noted in a few places 
on the Tuljaput ghat road, in the Siddheshwar temple 
valley 5 miles south of Osmanabad, in parts of the ghat 
road and railway cutting between Vedshi (\edsi) *and 
Demarvadi. Sometimes, the juttiflion of the plane of the 
two beds is not pcrfcftly horiw)ntal but shows a wavy sur- 
face. This presumably mu§t be due to erosion of the l.u’et 
before it was covered by the succeeding 'I'rap flow. Oc- 
casionally, we also come across cases of ‘ invtusion ■■ of oi\c* 
bed mto another. Thus, Icnticles of exfoliating liouklcfs 
may be seen in a layer where the rcSl of the format it nw m.iy 
be compad, jointed rock. Such examples ate typically 
observed in the Ycdsi-Pangri ghat toad. Tn a well sedu tn, 
for instance, in Demarvadi village, the sides consist of ex- 
foliating boulders on one side and typical '/.eoliiu mooiam- 
like layei on the other at the same level. Without going 
into the details of the causes of all these heic, it may he 
merely remembered that these fadlois have to be borne in 
mind when apparent anomalies arc met with in any locilily. 
Generally speaking, the disposition of the beds is 
horizontal and gcnctalisatton of the distribution of uiuler- 

f round water with regard to the sequence of iltc flows has 
een proved to hold good loughly from south to ivnilt- 
wea over a length of 60 miles. It now remains to fiml the 
total 9 tea over which these conditions holtl true. 

Logs of wcll-sedions bung out the fad that usually, 
the zcolitic mooram-like layers are good 
The lelationship fl^^t wells excavatcil into 

of the -water -bear- these layers affoid good iccuperatitin and 
mg arata to the supply. Dcdudbg the level of the well 
Ttap-flo-ws. sedions from barometric olrsci rations 
and comparing them with the setiuence 
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of the licils as noted from natural and other cuttings, we 
find the identity of the beds at about the same altitude 
above the si‘a-le\ el. 'I'his ohscr^•'atlon warrants our assum- 
ing that the natuie and scc.|ucncc of the Ijeds noted at the 
margins of the tablelands also continue right through the 
whole area. A teference to the attached seftion clearly 
l^rings out this feature. I''ioju the results cnumciated, it is 
seen that tlie hypotheses formulated hy Capl. I.. Munn 
regatiling the correlatton of the distribution of under- 
ground water with the geological liiAtory in the 'iVappean 
formal ions aie amply borne out by the data deduced from 
itcld-work. 

'I'he Dcce.in 'Ptaps are basic lavas of more or less uni- 
. , form composition. It may be asked, 
iknvs*”**^ '* spite of this fail, such wide varia- 

lioiis in their physical charadcis are met 
with. S( line arc c< impact and bedded, ofhers show spher- 
oidal or exfoliated we.it Ireiing, and quite frequently we 
meet' with laveis which aie loose and fiiiihle, or hardened 
mooram like layer with a lich association of zeolites— a 
group of secondary minerals detived in the alterations of 
some kinds of basic la\as. An occasional lind of pumice 
icinnant in llic /coliiic inoonim-likc layer is of special 
signilleanec. .Ml these features will he dealt with in the 
part dealing, with the pod olo<>ieal aspotts of the formations. 
'Phesc dillerences in the nature of the Hows seem to he 
due (o the \;iriatinns in the conditions attending each 
ed'usion and no doulit, (o the period lliey had been exposed 
to the ug.eneics of denudation before they wcie coveicd 
liy the. nest (low. It has also to he deieimincd to what 
extent the slight dillerences in the mineral constitution arc 
the contrihuiory causes As yet, no systematic work has 
been carried out to work out the geological history of the 
Dcccan-'I'i-aps A detailed discussion of all these will 
form the subject-matter of a latter contribution after more 
W'ork has been done both in the field and in the laboratory. 

'I'he distribution of water underground ts afunClionof 
scvcial complex faClojs. In the Trap-atca, one of the 
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important factors controlling underground water (r.e. the 
geological formation) shows a uniformity of chatailcr 
over more or less a wide area. On this account, a gooil 
part of the Story of the diStrihutifin of underground water 
becomes intelligible when systematic work has I-»ecn carried 
out m the area. Other contributory causes, some of 
themcqually or more important, such as rainfall, physio- 
graphic peculiarities have also a great inllucnce on the 
sub-suiface water. When a liq^cr is described as an avjui for, 
it is meant to convey, that on account of its special physical 
charafters, that la3»’ef is capable of relaining and yielding 
much more water, comparatively, than other laycis in that 
locality. 

In conclusion, I have much plcasuic in achno\vlcdgin/>, 
my grateful thanks to the Special O/licer for his heipfiii 
siiggcgtions during this work. 

Ungsugur \ C. Mahadevan, 

7/12/1932. j ^Usi S tipi. Hyderabad Geologhiii Sunxy 





Ncrriv BY 'nni spilciat. officer i/c, 

CJl'OLCXJICAL SURVFY DI-PARTMENT. 


In the aliscncc of hiilTicicnt data, Dr. Mahadevan has 
i 4 ;htly omitted any refcicncc to water under pressure 
havitti; been At ruck near Sholapur, at Mr. Desai’s garden 
well at B.u.si, and a well l)e.k)nging to Nanchand Guzur, 
about 3 miles north of Parenda. I myself can at the 
moment I'lvc no solution to these anomakms conditions 
in appatently honzonial At rata, unless the bore-holes have 
met lissuics, which connect with Atored water, such as the 
Sholapur aiul Barsi tanks, lying on, higher ground. This 
utuloubtedly explains the sub-artesian condition met with 
when .1 bore was diillcd at the bottom of Gunj Well at 
l,utur,as unless flu* tank isfull, the bore-hole docs not func- 
tion. Ihiwever, such a condilionw'tll not account for 
\v.iter juuler ju'cssure in the Nanchand Guzur's well in the 
Pareud.i 'Blium lava zone. If the cxiAlcnce ofsome layer 
in which water under pressure eoukl be consiAtenily Atruclc 
was juove^l it would make not only a gieat diflcrcncc to the 
agriculfuial prospects of the famine zones, but entirely 
tcv«»lut ionize our ulcas as to how permanent village drink- 
ing water supplies arc to be arranged. For this reason I 
mo.At Airong.ly recommend Government to supply a fully 
ec|uippetl core-drill to the Geological Survey Dcpartmait 
to leAt this moAt intriguing tjucAlion. Tlic drill could also 
prove the exi.Aifnee and nature of aquifers in areas where 
natuial .sections arc not available. 


L. MUNN. 
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< • til di'U'iiiiiiu) dt'Kit'o (d Hivllulty of wntot^ 

1 *ii 

llr'dilnl tiii'kii, lUidcrKinuuil Wdinr In, 

Ilnlr, lionldi'i liods U' huIL m ici* age, 53, 01, 8B 
, biiutn, ruualn.i of pm-htsituio oxtluct 
imiaixU ra in, 01 

'Ulditm, (dii'iist oi hhnl(*K, NnxulstouoH and 

' lioulitt'i ianlH, (lit, 00, ttH 

Uorifh umtk, {(1 T S.) lar cnlUuaUoix uf 
bUlNPvlUK antuuld, 170 
Uhluia atdltrh. Hb 

~ imlliin WaLnr lu» 8d 
Mlifr lalu(|, a laitUiio auHi, 0 
HlMdiglt I tyido ii ftKiaii*H)() hoiKx, ; 1 
{ aXiLUtiih' of (inHH dykuH, lU 
Uhuiu jdatMUi, iiiay lu'i'aimt for Hub* 
j aili'uian oili't(>h in'ar raiuuiU, lU*i, 105 

, KKi It Oiittou Mill. 0, 7, U. HI, 81 
} .»•.,» tin l^lial til , dun to ilolujri'hUtlon, 0, 7 

„ „ -- waOd' HUdml lu. 10, 81, 8i 
' lilanlltJif ohaigo, fdim't, liib, liiO 
U M Ui linpi o\ u 1 1'ouimraUuu al wnllh, Ui:i , 14 0 
' Hutamaul,i'Uh..utr'luu cUuutb at, fioni boitUK 
I lu ocll, luu, lul 

. Doicil Mi'll pitifciuliUi for liOUHUliulcl or HiUull 
tMirnhumd^, ilu. 1:^5 

Uou'-holnn, bjaitiiig (il, wJtli dyuamltu to 
* limir.k^u li'UUiiiii'allnn, 183, 16/ 

In piM'l'iHio t Hinitrv not ohoaiitT ox uinio 
ii iilc^niUlo than Miuk MX'll tor vUlugo 
uijinli, JU5 

iiinoludi « ir M ('ll ncuid uiuUxodb gi' muuitalu* 

i lug, 100, 101 
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Boro-lioloto roinll- 

tloiis, 12l ^ , 

— idatl\r AiU of, 120, lUO, 1 iH ■ 

BoiliiK dilllinK)» 1*1 

liori, dl'Uiinii'l'^ fo) dUtntiitd (liilN, r-'2, 
12 s 

JU)}i1micki *1. ir " itkr*'t Ti 
Boulder lofcHnl )> >l‘i of lAlr]ilrM, 

evicloiion nf ipe ;»;J, HH 

oxfullnliiio, Traps ve Ulin Inin, U I , 

Box fit Lll< Us 01 Palenl. lluil« I '« fplitlHv 

102 

Jlmkft. (\ }C P *' 77if’ 11 Mif/ftr '• (ifMon, 1 
Piuci^ route t '* (Mugv of South 
(Unintrj/'* ^0, IJ7 

BuirougliH And Wi'llcome foi iUhl 

dn hiical nn ilj hI« uf m .Upi , UK) j 

I 

OalspAjm, poneidi', W ckf In i.lnUiniMV< Us In ' 
Kniul lUnl loose soil, lUK, i:Ui| 1 U) 1 

— -RlnUlnK Mdls ah ouImhu)*) or ouruiU*^, lllUi 1 

IK) I 

tIaloau'ouR miller, prexenls nmleinmiwHl i 

(Ualiiiirte, Ml 

—-ydWov, 111 idallou to Iritf^tillon, HI 
(lulcium cartioiiite, turiUMiIiiuii In ItiH 

— Hiilphato, jnrt 
(ialyx cUm, VIH 
C'lmUilmi pprlod. rdj, 01, Rfi 
UaptlUrlliy, (U'lliilUon of, 2r> 

LJ'ipUUuy ftU.i.u lloii, ilescupllon of, *J’> 

— oppiilngH In loeki, 21 , *.>») 

OatboiiU* aclil, olvi'ul* iieuon of, in mi ikthctlng 
of looks, oi 

CarUounte, ciilelum, lUTecMitugp tn htl, 
illH 

— mauiu'slum, H.J, lOH 
— BOilIum,8tl. liJ» 

Oarbonlfc rolls peilnd, 05 
OailalKul, innKiiiHllo Hprings aL, U 
(’AHliig pijiPH in lu)ro-holc‘M, 12 L 
(JaiohiiuMiti aio'i In leUiloii I 0 rail ulnt Ion of 

AvallnUlo MAti'r, iW 

Coincnt co«cn*|,i‘, coht of, a. fU 71. H, rfin»onr v 

im, 136 

'-mrtHB, lluIiiK of WollH, l;U, 13H 

-luoilUlp fOi, 134, 18H 

■wull, pohlnii shikluK of, V (liatof Oorrani 

linoll, 1 : 10 . lJU, 132 
CIciitial coio oi the carlli, 'in 
(Jcnlro cut, iicichmIIv of llrht taHllnp out for 
olllctout Hlnktng, 127, 12H 
OoHBpoo), (laiiRci of, 1 a conUiiiln itlng wills 

Cluirffc, cotrocl blimlintc, 325, J2|» 

C^flcfepn, Sir Alfred, " I/ift /rrfi/rUffiii ”, 1 11 

( idina or ainlug cliaimol, 142 

Cherra ruuft, In KUasl hills, hoavIcBi lalnfaU 

CUlUiaJtt Mb of U(m^l^^Ana KyHtrm of nickh, 55 
Ohltbuimr, cxanuilc of pcicimlal WAlcr lu 
. 5hlma Hoilcs of locks duo to laullluK, 8H 

(fluoride, calcium, pcjccnUiKo lu wulci, H,H ,108 

— mnancBluin, H3, lOB 

— Boillum, Bil, 11)8 

UlUOllim nOlltclltB or BcllintB IIJUJ RlK'IhAcB ill 
roUtlon to HAlmlty, H2, 0i 


of 


OholoiA, (laiigct Of, fiom Rti‘j> wolih, 120 
CluouoloKicijl uuloi of Kcoloalialfoimadoii 
nODinaulnr India, 00 


■r laouldfl for C. 0, Uuing of wcUb, why 
obandoued, m 
Olay, high poioslty and ahborpllon ot, 10 
Clark a BoalQ of JiardnoBs to dctomiluo degroo of 
haidneBB of water, 1U8 ^ 
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Cnuil iti W if> I, di 1 tiihi'li 1 1 
Cunieiit Mini?. dfd,ml,i.|, >*{, 
iVintanitu itlofi, (Hint d, ii ,in*> r f, l>t'i 
nil lie of III It , u>t 
1*1*1 

Cnnilm Id (I I in 1 , in iMpC'nii, ^ * 

TOiU iii.tf nil ii'l » , 1 ( 

Com, if nil d, of I .udi, . a 
C(irrn'|iin and I nit»‘ nn*, diiUithin) ‘ f. jiui 
luV 

(‘ore ililll, Rlv«t 01 dinuMM idwnif* 

njjo'i Ilf, I /I, ll’i', I ' , 

I'o'it of aisti III I f f d d I if N liixioy l',*t 
U’o, li'd, U'V 
Isnlng. \\\\ 

Ctif lit fill ' pcrioif, .1 (, ii t t 
('tIiIcsI \r Ini di, di liiiUii *1 1 1 11 

(‘ U. .'I. , di iin I «.!) ,1, * 

CTtndtcii unitt/ irof « viniil t .1 ,u 

I iU'*l, cirtli ' , di «tli *i>.n Mf. C', n. 

( nritid iiiovi nil Id , 1 m > i if, 1 ^ 

C| N d dlitii ' 1 (iTindi \ u .(!». h, I 

1*1 niri id ft, *n ih UI* n * f, ..o, •* , r s 
loc)v*<, Mali t in, r.*. rii 
u» nlln illu* «•!. ,•.** 0i». ip. * * 

^liMof Mill m, n V'l, ».* o 

(‘UildapAU t»m id Ti I ». , 

CurAcan, iltif I of di Im* I itti.i, hi, n 
CNcioiiw 111 A), hf***! I I i.ndii«o woun, I 

II 

PtilUtU A,*'T*jt>r, ft,,: o* 

haniP, siiinli, im II « ■ uint< lutoiimf pif.'i { iino] 
101 

hVib •'(ufJitt or *nd ir p . d< wntiiiird, 

I Oil, Id I 

to Hi ! imi id w xU t lit ,ditt* (ii ' , - 4i 
Dttiigiii. of hf‘A\i, inU’ li* u nt t* * c. d *.nd 
iiiilllit M 

UkiUlAtih ul tt,rt f ink* in < p* not to f « 

mlntaVtll tot sshtud 'vaI t (dp, ;<) 
DcCCAIU Iwidf, tf‘'t of iin.iiu*, '<>ii(pi{«d 
AKalfiif UDMii ( ( ])nfd in v>p >f( it nutii 

ntthiml well, t3t), tdt, 1 , 1 / 

ticcciiu foil*, rinc «Mdi)»i*^ id iin i\Min n r*f 
WAlcrd ilifc it 

Dercm Twji, arcn within tlm ‘ ur* , *».», nt» sti 
J71 ' 

• bxiixitii 111, ini 

coriHiitloii of him « of, Ul.ns, v3, »m y; 
DH, yu, IIMI, 177, 17H* iVM, no, isi. I e* 
IW, IHl IM,, irtV, I dl 

(llph anil itdiruirtl b ^lun * In, liw) 

—— dlAiiIiiuilim of u«l< I III, «»d linifultr, uj 

— — h^iptovUia lApiiclty td wiU ill, 137* 

— — latorlto in, iu 

orifttu uf. 32, H'K W, ttl, W, 174. lt& 

mih-arUxlan cUcuUiht, 101 U 12 , ui,% jnr» 
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C^BOlsfl quality of water fro^, Ui, 115 

— unequal decompoBltlon of, 72, 74 

— water bearing capacity of, 72 

— yield of wellBi 1. 72 79 . ^ ^ 

GhoIbbIc counliy, deep boiing for watei baa 

little rhanoe of aiiccess, 64 

— Bub-aitoaiaii effect iu, d\ie to llaHUies, 132 
OoatB, in Aalfabad dhiiict, 0 

— layagCB by, of fotcfitB and trcca 

In St. Helena, 7. 

Qoitrc, not due to clialky watei, IQO 
Qoiidwana land, extent of, CO, 01 

— ayatom of locks, 66, 61 . 

Gradient, hydraulic, deflnillou ol, lift, 27 

in cheHimi 142 

ClradlDg of Band in bottom of uellp, 1 l.J, li I, 

Granite/ dccompobc^cl.ileld at m-lN, 72, 7*1 
^iruo not found in Jlydeiabad State, 6S 
Granitoid, bosBCs— Bhongli and Moula All, 
examples , 73 

GnolBB, dcllmtion of ,68, 73 
Gravel bcclB. good aquifci, 21 

velocity of y atm In, 23 

Great opaichoaii inteival in pie-caml'itin 
lock^ 56,60 

GrefforVj J Ik. \Tht late Vi of.) " Wain /)imn- 
viff " Sjnti/mrnan Jnsf/itife, Attnuu/ /te- 
3}o/i8 1028, 4.4 

** JScono7Hic ffeoloffi/ 26 

Ground mlsth as uidlcatoiB of uiuleigimuul 
water Winiemra plains, 43 
Ground water, 27, 20 33. 34, 72 
——table, defined, 27, 20, 148 
Growing pcxlod, dcUnltlon of, 32 
Guinoa-woiin, dnngei of, fioni utep yells, 120 
162 

—infected well, tieatmcnt to icndcx safe be- 
foie lo-inodclllng, 162, 103 
Quttmann on coiicct chatgo of blnKtlug, 12H 


Hand boring outfit, doBCiiption of. 133 
Hardness of watei, in crystalline rocks, S3, 83, 
100, 114, 116 

of Baichur dibUIei., 81 82 

permanent, 100, 114 

scale ol, 82, 108 

— — — lempoiaty, 108, 116 

Head, liydiOBtatle, dotluition of, 20 31 

— velocity, 26 

noayy iriigation, (Unger ol in b o. boIL aiid 
aallno areas, Hi 

Helena St lavagcu by goats in, 7 

effect of defozost itlon of, laliifull and 

climai(«, 7, 8 

Hexagonal moulds for muBS cement coucioto 
wdls, 134 

Hexagonal and Pentagonal shaped welK, ivd> 
vantage of. Ul. J34 

Hollows or pocketB In ciyHtalline looks, good 
aquifers, 42 

Holman Bliait, Mangalm mines, hiwnigs In, 70 
Holocrystalllne lOikB, dollnltlon uI, 67 
Horizontal dispoBltlon of stiata, 48, >10, 100, 

Hornblende BCbUt, compotailon of wat.ci hi, 82 

due to metainorphlsni. 78 

Hot BpringB, example of, 53,112 
Humic aoldB, Bolveut action of, lii weatlioilng, 
62 

Huttl Gtold mines, Instance piovmg that wnt(‘T 
deorcages at Rioat depth 28 
timber (Babul) In old gold woiWng, 


Builei/, 8arrn9iic dictum of, on theonr^ and faith 
41 

Hydiatloii, dofliiltlon mill effeti of, 71. 
U\(litiullo gradiOUl, dcdiiUlnn of 2rt, 27, 1 l*i 
3 13 


In cbelma, 142, 14.3 

lUdrogiaiililcal basIiiM, HUrfiu i* in, 31 

”Jfl/drolflffj/ And t^/otoirf Uaftr," fiinv//, 

J M., 31, «a,13«, MO 
IlydioHpbeip, di'lhiltlim of, 50 
lUdiostalio hoiul, (i(ihiUton of, 'Ml, 34 
3]\diaiillo lotarv pioco^H of (hillinr, L2t 
lUiiOtlU’tteal (liagianuilAtli* plan ui la\(i ilnyK 
Plate Vn, iUJ 

— hpoilnn ot im'ks iK'n»ss lUili'iali,id Mnle, 
JMiilo VI,70 


1 


Tcc nge, o\ldi'iir(' of. In (loiMlwaiiiv tnek*., 53 
(Jl/ti« 

ignooim lockn I'liloiliie i nTitntlii of, 

“ fufinmg /{0(AH and their Orn/in," Halt/, H I , 
bS 

Inililbiilou, < luisc's (‘oniiolllny, (>i 
- delhiillon of, 15,20 

Jmpeinuavble biurii'ii. liifUtetue nii tiiidet- 
giound wAliT-tabte, 76, 7 j, 7S, ',ii, 
rniiuintU"! In w.UiM, itm 
InoresHlng vIi'Ul of wilU, tni'llnub of. 151, t.i.. 
160, 157 

In (III. mill 111 gnlletie’i, iIcm liplinii uf. Ur, l.i7. 
UA, loU, 160 

— rate of, iin liupoUniit Cai lot In njiMbnli'i* 

of (MU' ot yell, 121 

- tioneUi'H, dchiMlption of, J 10, Us, IW) 
-tunnels, 158 


luterfi'iencc ol yells, nnilunl. lull 
Inteiniedlate loek, tlejlinllni) of, 57 
InUu'-'ritipiHMin beiU, gtimi luiulfer. lo i 
IiitOTHlillBl poiob In ioiKh In Telnilmi ii> imM 
bitUm of WfitiT, lK,ni,2!,v« 

IntiUHivc dvkes, iMfert of, on nniUigifiiiml 
yali'i, 76, 77, 78, 7U 

TiiigatLon camilH ulf( i ling lr,i>ii| y iitct-luMr HI 

- comparatke eoHoi aliiKliig l»(i nml htodl 

and IU‘Migoi\al (imeiit ronnet**, lao, IMI 
132 

- - failure of, 132, 133 

- wells (hee ngileiiltuinl well 0 •.tnnd»r<l lU ■Ign 

ol, 320 

if 


Jet pioeess of (Iillllntf, I2i 
Joints In loekH nnti iUmuim , hi Iniu r\I«iu»i 
UKks, ehruiees of rtnilliiK i lu. 54 
-• - - dem'ilidinntif, t»i, til 
Jali/M*fufeHm John) *' i<uiftur IfibUnu af the 
Jiaithi ’ 48 

Juuellon of Ub uuiun ami Cnu I ,'i kankur 
beds a(, Ml 

Sluing', u(. HI. HI 

" Zit iiV * '^*'*^***’ *■ bl, 

JurasKle, peilml, 55 

Juvenile watei. ilediillioii of, (Magmatic 
yatiT), U 

K 


ICal idgl lexles of roek**, H7 

Kalain tahuj, a lamltm ama, 3 

Kalgooille yiiler-hupiilv, clUanlrtnn. elfcelii 

due tortoforesUtlon, a 

Kaintbl HorloK of OondWdua .lyHlem, 65 
Kniikar, dcposlih of, at the Jwurtlou of JllMf. 
yais and Gndrt^^s, HL 
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Karf/, <l*‘i c Miifivf't' Dftm» 

<11 JiitUtirttloii ir>i 

KarimiiHiJiit >11^ t liiM , i‘ xnnipli* tif. cMitlro Ui'for- 
m* i» 

KotA'THiilnl Ilf Ooiiilwann nuti'in— w'llor 
In, vM, (U 

Knnii'ol i*ni"» n< ViiKlIU’in <‘f iDCk*^,, 

K7 

I. 

Tamj, J, Uuthftlt^nt .bn/ <kM'Mn</ H'r/Zr;, 

in, MO, no 

T .urit ( U'rl >, t('iiifiltih ill iiir hi' fuih <‘\ttrir*t 
itunii in Ot 

t «n»l» i|?i»ininl ualrrMiuhly ntit hI\\jiv‘< 
ill n jMnn Ilf inUifall oin 81 

TiUti lili , ill Mint inn i>f, hU 

iWuW of fiitin ktii'ii <if. nil, loo 

' ihi rill'll t< I'll rt>r hilltiii* fi( vi'iH III, 

hU 

r lit Juut tliin ^^lth ituiillrri'd mcK, 
im 

will- In, ir; 

I t.ihn[. II htiMiiti 'i 

ilti' imiiM I'll, \i ' inil'Lr, ynnd iniiitfrr, 
UK? 

r.nw iifitiiu umtlrlnn, Stiihh’ ,fnt iMi'mlnlnit 
l*t nlnirit i| ♦ iiin 10 « , O'*. *'0 
|H*< hi Ml II , f Iittlnil an t< i;ai*l'> C'hnlt 1 * of 

t‘ii Ik I, lilO, UlO 

tin ivn 1 1 1 'Mi' ul (‘i»n«'if‘lr in K. H, 
nil lulliir. I *t\ liin 

** /#!</ tft ‘ Air 1,141 

11 * ** Mtittnif lit juisitt** It 
Mitiny<(ni ((tin lit (nncoti'l, tihi, 1*0(1, lOV, 
I'Pl, IMi 

ttmiii rat> fur I'liK ii'( iK'V will**, lat 
bltluniiiUHi IlUr t'W*k “r Inlr in Ihu'cnii TTft])H, 
liiiitn 14' .1 r\oiti nf M 111 r hi, 1(11 
l.lthiHphi*i»‘, nf, hrt 

I.mti I llfiilt.' of niiil( mumnil M'altr, ovMi'nni 
nlTftrilctl hv itii'p niliiliiiti 00 

Jaitt ralnftU In 8. \nliH jlrlih* rrcimiulK in 
rtii krt iH'ttfr > Oliittir < than umul lalnfnU 
Mu 'I'ldtl, Ml 


Muihtuii'tnr 7, . . , ^ 

MttrloM aii»l ilRtifllhi i, loMilt of (li*fon*‘iln(lMij 

M ‘Ulantik folllJtttInu of, 10* , ,, 

M(‘iimut(* (If Juvc'iilhMNftlfV, iHlnlll(*n of. 11 
ttiuniiMl ufi h.v tlrpyi min In a* 03 

MatflK* him tatlmiutln, |Wt’UtB«n III Mtttn, 
nj, lorf 

rlihiltitr, ‘il.lOH 
MiU»U«lo, Ka, lOM 

" Uahahtba, S A *' Hiptmim m Indian 

Malti Jitnhft \Aurtin(taUad MVii» 

M in«*diu’i«hn\ tionl tulloM oti 'ilnWiiauIH, 70 
MutiUhMiiU (*«iintiy nioBtlv rnN«u*tl hy 
lifii I Ml iMii (1‘UnntUnh Ul 
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